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lNTROlHlfTlON 


A life  cycle  coal  (LOO)  mat  hemal  leal  model  ha  a been  developed 
for  the  Air  Force  Satellite  Communicat ions  System  lAFSATOOM'  by  The 
Mll'KK  Oorporat  ion . die  could  classify  it  as  an  analytical 
account ing  cost  model,  i.e.,  a systematic  way  of  adding  up  component 
costs  via  a set  of  equations  which  mo. lei  the  physical  oonf  tgural  ion , 
per  foi'tnance , and  logistics  of  the  system.  The  model  has  been  used 
in  various  tradeoff  analyses  involving  acquis  It  Ion  costs,  operat ion 
and  support  costs,  and  system  per  formanoe . Tills  AFSATOOM  Iff  Model 
has  been  fully  programmed  and  i s>'  operat  tonal  on  an  IhM-t'd  f'b 
computer;  the  name  of  the  FOR THAN  program  for  this  model  is  SlTKlff. 

A discussion  of  the  AFSATOOM  Iff  Model  requires  a brief 
presentation  of  t tie  AFSA1V0M  system  oonf  igurat  ion . The  AFSATOOM 
system  is  comprised  of  several  different  types  of  comraun icat tons 
stations,  called  "terminals."  There  are  approximately  10  different 
terminal  types.  Faoh  is  a self-contained  unit  which  can  communicate 
with  other  units  via  a satellite  relay.  The  terminals  operate 
either  at  fixed  ground  locations,  t ransport ubl e ground  locations,  or 
m airborne  platforms.  The  terminals  consist  of  units  lor  black 
Poxes'  for  which  diagnosis  and  replacement  is  performed  at  the 
organ  i cat  iona l level,  hence  these  are  often  referred  to  as  line 
replaceable  units,  or  LRUs,  by  definition,  the  LRUs  are  removed  and 
replaced  to  repair  a failed  terminal.  The  AFSATOOM  system  contains 
approximately  100  different  l.RU  types.  The  l KU  is  composed  of  shop 
replaceable  units,  or  Sh'Us , These  are  usually  printed  circuit  cards 
and  are  removed  from  the  failed  l HU  in  the  repair  shop.  There  are 
about  100  different  types  of  SRUs . Some  SRUs  are  composed  of  other 
0-KUs , but  for  the  most  part  an  SKU  is  the  lowest  level  of  indenture 
repairable  in  the  system,  In  the  following  sense:  SKUs  are  either 
discarded  upon  failure  or  are  repaired  by  replacement  of  piece 
parts,  e.g.,  integrated  circuits,  capacitors,  etc.  To  support  this 
system,  approx imat e l y 100  different  types  of  special  AFSATOOM 
support  equipment  items  are  involved. 

The  logistics  of  the  AFSATOOM  system  are  as  follows:  The 
terminals  yor  their  host  aircraft,  in  the  case  of  airborne 
terminals)  are  located  at  approximately  00  bases,  including  both 
continental  U.S.  and  overseas.  Organic at  tonal-level  maintenance  is 
backed-up  by  base-level  and  depot-level  repair  capabilities.  The 
maximum  possible  number  of  repair  facilities  would  occur  when  there 


were  one  repute  facility  on  each  base.  However,  buses  may  be 
grouped  for  the  purpose  of  sharing  an  intermediate- level  repair 
i'aollity.  Various  schemes  of  groupings,  or  centralization,  have 
been  considered.  One  plan  allows  for  4o  Intermediate  maintenance 
facilities.  Another  concept,  using  larger  groupings  (typically  b or 
10  bases  per  group)  reduces  this  number  to  OB,  in  both  schemes, 
there  will  still  be  stand-alone  bases,  i.e.,  bases  which  are  not 
part  of  any  grouping.  The  AFSATOOM  system  is  to  be  supported  by  one 
depot . 

'•>  clXYiai  Vestures  of  ilk'  fvdt'i 

The  AFSATCOM  ICO  Model  is  basically  structured  at  the  LKU  level 
or  Work  Breakdown  Structure  ( W BS ) indenture,*  although  certain 
calculations  are  performed  at  the  SKU,  terminal,  or  system  level 
where  appropriate.  For  a given  LRU,  at  each  specified  site,  plamu  t 
operat  ing  hours  and  expected  mean  time  between  failures  iMTBh)  are 
scd  to  calculate  the  expected  number  of  LRU  failures  during  the 
lifetime  of  t tie  system.  Given  these  expected  failures,  the 
resulting  support  costs  are  calculated  and  aggregated  at  the  LRU, 
terminal,  and  system  level.  Non-fa i lure-related  costs,  such  as 
t nose  of  acquisition,  are  calculated  and  aggregated  similarly. 

Historically , the  model  was  developed  from  an  early  version  of 
the  A FLO  Logistics  Support  Cost  ( LSC ' Model  it].  The  A KB A LOOM  LCC 
Model  calculates  costs  in  a way  similar  to  that  of  the  LSO  Model, 
but  possesses  special  features  tailored  to  AFSATCOM  and  not 
available  in  the  LSV  Model. 

In  t lie  AFSAICOM  structure,  a specific  type  of  LRU  may  be  placed 
m multiple  terminals.  In  addition  to  the  standard  allocation  of 
costs  to  terminals,  the  AFSAIWM  LCC  Model  allows  for  visibility  of 
cost  by  LRU  type.  Most  accounting  LCC  models  take  standard  inputs 
which  fail  to  recognize  that  a certain  type  of  LKU  may  operate  in 
multiple  subsystems.  In  t lie  AFSATCOM  LCC  Model,  LKU  data  is 
retained  in  memory  in  order  to  allow  t lie  model  to  recognize  a given 


•For  the  purpose  of  this  documentation,  "WBS  indenture"  will  refer 
only  to  the  Work  Breakdown  Structure  by  hardware  configuration, 
i.e..  total  system,  terminals,  LRUs,  SRUs.  Other  forms  of  Work 
breakdown  Structure  for  life  cycle  cost  models,  such  as  by  cost 
element,  will  be  discussed  but  not  referred  to  as  "level  of 


indent  ure . " 


l.Kl  in  multiple  terminals  and  to  facilitate  sensitivity  analyses. 

The  storage  requirement  l j support  this  capability  is  very  large 
1354k.  bytes  of  core  storage).  The  LSC  program  retains  the  data  for 
only  one  LRU  at  a time,  never  returning  to  previous  [ RUs  during  the 
computation  process.  A much  smaller  but  less  flexible  program 
result  s . 

Since  ARSATCOM  has  terminals  operating  in  several  environments, 
the  AKSATCOM  LCC  Model  allows  an  LRU  to  have  any  one  of  three  input 
reliabilities  depending  upon  the  environment  in  which  the  terminal 
is  placed:  ground  fixed,  ground  transportable,  or  airborne. 

The  various  terminal  configurations  in  AKSATCOM  differ  widely 
from  base  to  base.  Most  accounting  LCC  models  are  designed  to 
accept  standardised  inputs,  thereby  implying  identical  base 
configurations.  To  apply  such  mode .s  to  the  "average  AFSATCOM  base" 
would  introduce  a major  source  of  uncertainty  and  deny  visibility  of 
costs  to  tiie  specific  terminals.  The  AKSATCOM  LCC  Model  employs 
operational  data  (e.g.,  terminal  quantity,  type,  and  utilization)  as 
specified  for  each  base.  The  model  calculates  for  each  site  (.i.e., 
for  each  base  and  for  the  depot)  the  separate  costs  of  sparing, 
support  equipment  and  training. 

in  addition  to  the  computation  of  life  cycle  costs,  the  AKSATCOM 
LOO  Model  performs  calculations  for  terminal  availability  by  base  as 
a result  of  LRU  spares  calculation. 

Da ta  requirements  for  the  model  are  extensive,  and  hence  the 
model  is  most  applicable  later  in  the  development  phase  when 
preproduction  reliability  data  is  available.  However,  a planning 
version  can  be  set  up  using  only  a few  sites,  early  estimates  of 
mean  time  between  failures  (MTBF)  and  mean  time  to  repair  iMTTR),  or 
early  mean  time  between  demands  (MTBD)  and  mean  down  time  (MDT) 
estimates,  possibly  based  on  cost-estimating  relationships,  and 
early  system  configurations  so  that  design  tradeoffs  can  be  made. 
(More  complete  definitions  of  MTBF,  MTTR,  MTBD,  and  MDT  may  be  found 
i:.  th<  Glossary  at  the  end  of  this  document.) 

1.0  Applications  for  A F5A TOOK 

At  NITRE,  this  model  has  been  used  in  support  of  AKSATCOM  system 
configuration  and  logistics  tradeoff  analyses,  as  well  as  to  make 
ealculat ions  of  initial  sparing  and  support  equipment  requirements 
for  the  production  contract.  The  configuration  analyses  supported 


q 
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by  the  model  stem  from  an  AFSATCOM  decision  to  purchase  the  LRUs 
which  are  assembled  to  form  terminals  rather  than  to  buy  whole 
terminals.  In  order  to  make  tradeoff  studies  among  system 
configurations  with  the  greatest  possible  ease,  the  model  is 
designed  to  accept  as  user's  input  the  structure  of  SRUs  in  LRUs,  of 
LRUs  in  terminals,  and  of  terminals  on  bases. 

AFSATCOM  logistics  studies  which  have  been  served  by  this  model 
include  a computation  of  the  potential  savings  available  in  system 
life  cycle  cost  when  abandoning  the  traditional  concept  of  each  base 
having  its  own  repair  facility,  in  favor  of  grouping  bases,  with  one 
member  of  each  group  serving  as  the  "centralized  intermediate 
maintenance  facility,"  or  CIMF,  for  that  group.  This  study  revealed 
a potential  savings  of  $35  million  over  a ten-year  life  cycle  when 
adopting  this  "centralized"  maintenance  posture,  with  negligible 
impact  upon  terminal  availability. 

Another  important  use  of  the  AFSATCOM  LCC  Model  has  been  to 
calculate  the  initial  sparing  requirements  (size  of  inventories), 
for  each  LRU  type,  at  each  base  and  at  the  depot,  and  to  compute 
base  and  depot  support  equipment  requirements,  in  order  to  establish 
procurement  size  for  the  production  contract.  As  a part  of  this 
study,  the  AFSATCOM  LCC  Model  was  used  to  assess  the  cost- 
effectiveness  of  using  maintenance  bench  sets  ("hot  mock-ups," 
installed  at  bases  designated  by  the  user,  to  test  LRUs  in  an 
equivalent  failure-free  environment)  along  with,  or  in  place  of, 
special  AFSATCOM  support  equipment. 

Another  feature  of  the  AFSATCOM  LCC  Model  is  that  cost  elements 
which  are  not  inherently  system-wide  are  attributable  to  the  various 
LRU  types  and/or  terminal  types  for  which  the  costs  are  incurred. 

The  model  displays  this  portion  of  life  cycle  cost  broken  down  by 
LRU  and  terminal . The  various  LRU  types  and  terminal  types  are 
ranked  by  their  prorated  share  of  life  cycle  cost,  permitting 
identification  of  the  more  significant  cost-driving  LRUs  within 
AFSATCOM,  so  as  to  pinpoint  those  specific  components  of  the  system 
where  further  efforts  would  have  the  greatest  potential  impact  on 
cost  reduction. 

1 . 3 Cost  Elements 

The  basic  cost  elements  which  are  associated  with  the  AFSATCOM 
life  cycle  after  the  validation  phase  are  shown  in  Exhibit  1.  These 
co3t  elements  are  consistent  with  the  military  standard  work 
breakdown  structures  of  MIL-STD-881  (Reference  [2]),  with  additional 
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EXHIBIT  I 

COST  ELEMENTS  *HlCH  MAKE  UP  THE  LIFE  CYCLE  COS*  AF~EP 
THE  VALIDATION  PHASE 


categories  as  per  basic  AFLC  guidance.  Since  the  AFSATCOM  LCC  Model 
is  i:  tended  to  assist  in  logistics  tradeoff  studies  for  AFSATCOM  in 
the  st-development  phase,  not  all  of  these  cost  elements  are 
required  for  this  analysis.  Those  costs  which  are  incurred  during 
the  development  phase  are  considered  sunk  costs  for  this  LCC  model 
and  are  not  included  in  the  analysis.  Industrial  Facilities, 
Operational  Activation,  Test  and  Evaluation,  System/Project 
Management,  Systems  Program  Office  (SPO)  and  General  System 
Engineering/Technical  Direction  (GSE/TD)  will  be  the  same  regardless 
of  the  alternatives  under  study,  and  likewise  are  excluded  from  the 
model.  In  other  words,  only  those  costs  which  will  not  be  common  to 
all  alternatives  are  included.  In  the  case  of  Operational 
Activation,  some  variances  may  occur,  but  the  differences  are  not 
expected  to  be  significant. 

The  basic  AFSATCOM  LCC  Model  consists  of  eleven  separate  cost 
elements.  These  cost  elements  are  presented  in  Exhibit  2.  These 
eleven  cost  elements  reflect  both  the  AFSATCOM  primary  acquisition 
cost  and  the  costs  of  operation  and  support  of  the  system.  The 
aggregate  of  these  eleven  cost  elements  for  all  LRUs  in  all 
terminals  is,  for  the  purpose  of  this  program,  referred  to  as  life 
cycle  cost  ( LCC) . 

For  the  AFSATCOM  program,  this  LCC  Model  has  found  the  major 
cost  components  to  be  Cost  Elements  1,  2,  5.  and  7-  Cost  Element  1, 
Prime  Mission  Equipment  Acquisition,  and  Cost  Element  5,  Replacement 
LRUs  and  SRUs,  comprise  77?  of  the  total  AFSATCOM  LCC  as  defined 
above;  Cost  Elements  2 and  7,  Spares  Acquisition  and  Support 
Equipment,  account  for  an  additional  15?  of  LCC. 

Each  cost  element  is  computed  via  its  own  equation;  these 
equations  are  given  in  detail  in  Sections  2.1  and  3>1  below.  When 
applicable,  each  cost  element  equation  is  expressed  as  a summation 
of  the  costs  of  a particular  LRU  operating  in  a particular  terminal. 
When  this  is  not  possible  without  an  artificial  proration  scheme, 
the  costs  are  calculated  at  the  LRU  level,  e.g.,  Cost  Element  2, 
Spares  Acquisition,  or  at  the  system  level,  e.g.,  Cost  Element  8, 
Initial  Training. 


* 


1.  Prime  Mission  Equipment  (Hardware)  Acquisition 

2.  Spares  Acquisition 

3.  Maintenance  Bench  Sets 
"Off-Equipment"  Repairs 

b.  Replacement  LRUs  ami  SRUs 

6.  "On-Equipment"  (Organizational  Level)  Repairs 

7.  Support  Equipment  (SE) 

8.  Initial  Training 

9.  Recurring  Training 

10.  New  Item  Inventory  Management 

11.  Technical  Data 

Exhibit  2.  Tiie  Eleven  Cost  Elements  for  the  AFSATCOM  I.CC  Model . 
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The  equation  of  Coat  Element  2 requires  the  number  of  spares  of 
each  LRU  at  each  base,  and  the  number  of  spares  of  each  LRU  at  the 
depot.  These  quantities  are  calculated  by  t.he  Sparing  Routine, 
discussed  In  Sections  2.2  and  3-2  below. 

As  a side  calculation,  the  AFSATCQM  LCC  Model  develops  the 
terminal  availability  at  each  base.  The  equations  used  are  given  In 
Sections  2.3  and  3.3-  The  probabilities  of  backordering,  l.e.,  of 
needing  replenishment  LRUs  after  Inventory  has  been  depleted,  are 
received  as  Inputs  from  the  Sparing  Routine. 

1.4  Maintenance  Postures 

The  AKSATCOM  LCC  Model  provides  for  two  maintenance  postures: 
"non-central Ized"  maintenance  and  "centralized"  maintenance.  In  the 
"non-central Ized"  maintenance  posture,  each  base  Is  capable  of 
providing  base  repair  for  any  LRU  type  designated  as  base 
repairable.  In  the  "centralized"  maintenance  posture,  some  (or  all) 
of  the  bases  are  assigned  to  groups  within  which  base-level 
maintenance  Is  pooled.  Thus,  In  the  centralized  maintenance  posture 
any  bases  not  assigned  to  a group  will  perform  base  repair  exactly 
as  In  the  non-central ized  maintenance  posture;  each  grouping  of 
bases  will  have  one  base  assigned  as  the  "centralized  Intermediate 
maintenance  facility"  or  CIMK,  and  all  base-level  maintenance  of  the 
group  will  be  performed  at  the  CIMK. 

1.5  Repair-Level  Designations 

Two  other  repair-level  designations  are  possible  for  LRU  types, 
besides  the  base-repair  designation  discussed  above.  These  are 
depot-level  repair  and  condemnation  (no  repair)  upon  failure.  Under 
the  "non-central Ized"  maintenance  posture,  the  action  of  packaging 
and  shipping  to  the  depot,  when  warranted,  Is  Initiated  at  the  base 
at  which  the  failure  occurs.  Under  the  "centralized"  maintenance 
posture,  all  failures  are  shipped  to  the  CIMK;  whether  further 
shipping  to  the  depot  Is  warranted  is  decided  at.  t.he  CIMK. 


SECTION  2 
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THE  AESATCOM  LCC  MODEL  WITH  "NON-CENTRAUZED"  MAINTENANCE  POSTURE 


Eor  simplicity  of  documentation,  the  LCC  Routine,  the  Sparing 
Routine,  and  the  Availability  Routine  will  first  be  presented  below 
(Sections  2.1,  2.2,  and  2.3)  in  their  entirety,  as  they  apply  to  the 
"non-central ized"  maintenance  posture.  The  "centralized"  maintenance 
posture  will  be  discussed  in  Section  3,  where  the  manner  of 
inputting  a given  configuration  of  stand-alone  bases  (i.e.,  bases 
not  assigned  to  any  group),  groupings,  and  C1MK  bases  will  first,  be 
presented.  The  documentation  will  then  return  to  the  LCC  Routine, 
the  Sparing  Routine,  and  the  Availability  Routine  (Sections  3.1, 

3.2,  and  3-3);  only  the  necessary  changes  to  convert  from  "non- 
central ized"  maintenance  posture  to  "centralized"  maintenance 
posture  will  be  discussed  in  those  sections. 

Notation  used  throughout  will  conform  to  that  of  FORTRAN,  with 
exceptions  for  summations,  exponential  function,  and  greatest- 
integer  function.  Multiplication  will  be  denoted  by  an  asterisk, 
e.g.,  A*H,  and  Indices  will  be  written  in  capital  letters. 

Summations  will  be  represented  by  a summation  symbol , Jl,  with  the 
index  of  the  summation  printed  directly  beneath  it.  The  upper  limit 
of  the  summation  will  not  be  printed;  the  maximum  value  for  that 
index  will  be  implied  in  all  cases.  Throughout,  index  I will 
represent  LRU  type,  index  J will  represent  SRU  type  (appearing  in 
Cost  Element  5 only),  index  K will  represent,  terminal  type,  index  NS 
will  represent  specific  bases,  and  index  L will  represent  the  SERI 
(Support  Equipment  Review  Document)  item  number  for  support 
equipment  (SE).  In  Cost  Element  8,  the  index  M will  represent  the 
category  number  in  the  grouping  of  LRUs  into  categories  for  training 
purposes . 


In  the  actual  FORTRAN  program  for  the  AESATCOM  Life  Cycle  Cost 
Model,  SITELCC,  user-defined  upper  limits  are  provided  for,  to  be 
associated  with  summations  on  indices  1,  J,  K,  NS,  and  L.  These 
need  not  be  as  great  as  the  FORTRAN  dimension  limits  of  the  computer 
program.  These  dimension  limits,  which  determine  the  capacity  of 
the  model,  are  as  follows:  13b  different  LRU  types,  up  to  40  SRU 
types  per  LRU  type,  30  different  terminal  types,  9b  sites  (94  bases 
plus  one  depot.),  and  up  to  200  different,  kinds  of  support  equipment 
items . 
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Documentation  of  the  AFSATCOM  LCC  Model  will  be  addressed  to  the 
case  of  a single  depot  for  the  depot-level  repair  of  AFSATCOM  LRUs 
and  SKUs.  As  such,  it  will  not  be  necessary  to  provide  an  index  for 
depots.  However,  the  program  is  readily  expandable  to  a case  of 
more  than  one  depot ; many  of  the  variables  which  are  presented  here 
as  depot-dependent  and  without  index  NS  exist  in  the  program  as  a 
function  of  NS  preceded  by  program  logic  to  ascertain  when  the  value 
of  NS  exceeds  the  greatest  value  representing  a base.  However,  such 
program  expansion  would  require  the  introduction  of  vectors  or 
matrices  to  assign  the  appropriate  depot  choice  for  given  LRU  type, 
terminal  type  and/or  base. 


brief  definitions  are  included  as  needed  for  the  discussion. 

The  reader  is  also  advised  to  consult  the  Glossary  at  the  end  of 
this  document  for  more  thorough  definitions  of  the  FORTRAN  variables 
introduced  here,  and  the  units  in  which  these  variables  are 
measured.  The  source  of  numerical  data  for  each  input  variable 
(i.e.,  parameter)  is  included  in  the  Glossary  entry.  For  FORTRAN 
variables , which  are  computed  internally  by  the  model,  the  Glossary 
entry  references  the  appropriate  section  of  the  text  for  the 
defining  equation(3). 


2 . 1 The  LCC  Cost  Element  Equations 


The  eleven  cost  elements  of  the  AFSATCOM  LCC  Model  are  listed  in 
Exhibit  2.  The  detailed  equations  for  these  cost  elements  are 
presented  in  this  section.  The  units  for  each  cost  element  are  in 
total  dollars  expended  over  the  operational  service  life  of  the 
system . 


2.  1 . 1 


Cost  Element  1 is  the  acquisition  cost  of  primary  mission 
equipment,  namely,  the  cost  of  buying  the  AFSATCOM  terminals.  Due 
to  an  AtSATCOM  decision  to  purchase  the  LRUs  which  are  assembled  to 
form  terminals  rather  than  to  buy  whole  terminals,  this  computation 
is  performed  on  an  LRU  basis.  This  procedure  allows  for  last  minute 
configuration  changes  and  the  ability  to  design  terminals  for 
specific  locations.  The  equation  for  Cost  Element  1 is 


SC(  I ) = V V QPA(I,K)»NTS(K)»UC(I) 
K I 
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where  Ci’A(I,K)  is  the  quantity  of  LRUs  of  type  I installed  in  a 
terminal  of  type  K,  NTS(K)  is  the  total  number  of  terminals  of  type 
K to  be  purchased,  and  UC(I)  is  the  unit  cost  for  an  LRU  of  type  I. 

The  quantity  NTS(K)  is  computed  internally  by  the  model, 


NTS(k)  = X,  IT(K.NS) 
NS 


where  1T(K,NS)  is  the  number  of  terminals  of  type  K to  be  operated 
at  base  NS,  a user's  input  to  the  model.  (Note:  In  order  to 
eliminate  the  inefficiency  and  expense  of  storing  in  core  a matrix 
which  is  relatively  sparse,  a provision  exists  within  the  AK3ATC0M 
LCl  Model  whereby  any  subset  of  the  matrix  [1T(K,NS)]  within  which 
only  one  terminal  per  base  is  assigned  can  be  stored  in  core  as  a 
one-dimensional  array.) 


lhis  cost  element  can  be  broken  down  according  to  LRU  type  or 
terminal  type.  That  portion  of  Cost  Element  1 attributable  to  LRU 
type  1 is  calculated  as  in  the  above  equation  but  with  summation  on 
k only.  That  portion  of  Cost  Element  1 attributable  to  terminal 
type  K is  calculated  as  in  the  above  equation  but  with  summation  on 
1 only. 

2. 1.2  Cost  Element  2 (Spares  Aouulsit ion) 

Cost  Element  2 is  the  spares  acquisition  cost.  This  cost 
element  consists  of  the  initial  investment  costs  of  LRU  spares 
necessary  to  support  the  base  and  depot  repair  pipelines,  to  protect 
against  fluctuations  in  demand  and  in  pipeline  time.  The  equation 
includes  the  costs  of  inventories  at  each  base  and  at  the  depot, 


SC(  2)  = £[  £SB(1,NS)  ♦ SD(  1 ) ]*UC(  I ) 
I NS 


where  Sb(I,NS)  is  the  number  of  spares  of  LRU  type  1 to  be  acquired 
for  inventory  at  base  NS,  SD(I)  is  the  number  of  spares  of  LRU  type 
1 to  be  acquired  for  inventory  at  the  depot,  and  UC Cl)  is  the  unit 
cost  (for  initial  provisioning)  of  an  LRU  of  type  1. 
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The  inputs  SB(I,NS)  and  SD(I)  are  calculated  by  the  Sparing 
Koutine,  discussed  in  Section  2.2  below.  In  particular,  SB(1,NS)  is 
the  Sparing  Routine  output  variable  QS  when  the  Sparing  Routine 
input  variable  AS  is  as  discussed  in  Subsection  2.2.2. 1,  "Load 
Factor  for  Base  Inventory;"  SD(I)  is  Sparing  Routine  output  variable 
US  when  Sparing  Routine  input  variable  AS  is  as  discussed  in 
Subsection  2. 2. 2. 2,  "Load  Factor  for  Depot  Inventory." 

This  cost  element  can  be  broken  down  according  to  LRU  type. 

That  portion  of  Cost  Element  2 attributable  to  LRU  typo  I would  be 
found  as  in  the  above  expression  but  with  the  summation  on  I 
omitted . 

2.1.3  Cost  Element  3 (Maintenance  Bench  Sets) 

Cost  Element  3 is  the  acquisition  cost  of  maintenance  bench  sets 
("hot  mock-ups").  At  certain  bases  designated  by  the  user,  a 
maintenance  bench  set  will  be  installed  to  exercise  the  built-in 
test  equipment  (BITE)  of  an  LRU  in  an  equivalent  failure-free 
environment,  in  the  course  of  isolating  malfunctions  at  the  LRU 
level.  The  model  can  handle  up  to  six  different  types  of 
maintenance  bench  sets  available  for  the  various  selected  bases. 

When  a maintenance  bench  set  exists  at  a given  base,  special 
AFSATCOM  support  equipment  need  not  necessarily  be  purchased  for 
that  base.  This  information  is  carried  in  the  coding  of  the  six 
available  maintenance  bench  set  types.  The  user  specifies  which  of 
these  six  values  designate  that  special  AFSATCOM  support  equipment 
is  also  purchased  for  the  given  base;  for  the  remainder  (if  any), 
special  AFSATCOM  support  equipment  is  not  also  purchased  for  a base 
when  that  type  maintenance  bench  set  is  purchased  for  the  base. 

(See  also  Cost  Element  7.  Support  Equipment.) 

The  equation  for  Cost  Element  3 is 


SC( 3 ) = E E HMIKNHM(NS) , I ) «UC( I ) *( 1 + PIUP»AMAH) 
NS  I 


where  NHM(NS)  is  the  type  of  maintenance  bench  set  used  at  base  NS 
(zero  if  no  maintenance  bench  set  at  base  NS,  otherwise  coded  to 
designate  whether  or  not  special  AFSATCOM  support  equipment  is  also 
purchased  for  base  NS),  and  HMU(NHM,I)  is  the  quantity  of  LRUs  of 
type  I installed  in  maintenance  bench  set  type  NHM.  Typically, 
special  "LRUs"  are  defined  for  this  purpose. 


The  term  P1UP*AMAU  is  the  added-on  fraction  to  allow  for  the 
maintenance  of  t he  maintenance  bench  sets  themselves,  over  t lie  life 
cycle . 

This  cost  element  can  be  broken  down  according  to  LRU  type, 
that  portion  of  Cost  Klement  3 attributable  to  LRU  type  1 would  be 
found  as  in  the  above  expression  but  with  the  summation  on  1 
om  i 1 1 ed . 

C.1.4  Cost.  Element  4 ("Of f- Equipment " Repairs) 

Cost  Element  4 is  the  life  cycle  cost  of  "of f-equlpment" 
repairs,  i.e.,  repairs  at  base  and  depot  levels  performed  on  LRUs 
which  must  be  removed  from  their  respective  terminals.  Included  is 
the  labor  cost  incurred  for  time  to  diagnose,  repair  or  attempt  to 
repair,  at  the  IHU  level  of  indenture.  The  equation  for  this  cost 
element  also  includes  the  packing  and  shipping  cost  incurred  during 
the  life  cycle  of  such  LRUs.  The  cost  of  removal  and  replacement  of 
LRUs  is  Included  with  Cost  Element  6,  the  sum  of  all  costs  due  to 
"on-equipment"  repairs  and  maintenance,  i.e.,  work  performed  at  the 
terminals.  Both  labor  and  materials  costs  associated  with  levels  of 
indenture  lower  than  the  I.RU  are  included  with  Cost  Element  r> . For 
any  LRU  which  does  not  further  subdivide  into  an  SRU  level  of 
indenture,  the  labor  cost  of  repair  is  accounted  for  in  Cost  Element 
4 and  the  materials  cost  of  repair  is  included  with  Cost  Element  h. 

The  equation  for  Cost  Element  4 is  as  follows: 


SCt  4 ) : 1C«P1UP*  1!  EAIHl,K,NSl«tHPEtl)  + RTE(I.NSl) 
NS  K I 


where  p.up  is  the  operational  service  life  of  the  system,  in  years, 
FAlLtl.k.NS)  is  the  expected  number  of  removals  per  month  of  LRU 
type  1 in  terminal  type  K at  base  NS,  Hl'F(I)  is  the  expected 
manpower  cost  to  repair  an  LRU  of  type  I,  and  RTF(I.NS)  is  the 
expected  round  trip  packing  and  shipping  cost  for  an  LRU  of  type  1 
from  base  NS,  given  that  the  LRU  lias  been  removed  for  repairs.  The 
units  of  UFF( II  and  RTFll.NS)  are  dollars  per  removal. 


The  components  1- AI  L(  I , K , NS) , HPF(I),  and  RTF(I,NS)  are  computed 
t'rom  more  basic  inputs: 


FA1 L( I , K , NS)  = 0FA( 1,K)*IT(K,NS)*( l-RIP(I) )*ATOH(K , NS) 

»MFAC(LE(K))/MOTBNA(I,LE(K) ) 

HPF(l)  : BLR*RTS(I)BRT(I)#BMF*KB 

♦ BLR*NRTS( l)»RT(l )»DMF*KD 

and 

RTF(I.NS)  = PS(LO(NS))»PWR(LO(NS))*KB 

• ( 2*NRTS( I ) + COND(I))*WT(I). 

All  FORTRAN  variables  which  appear  above  are  defined  in  the 
Glossary,  along  with  identification  of  the  responsible  authority  or 
source  of  numerical  data  for  input  variables.  Briefly,  the  monthly 
failure  rate  FA1L(1,K,NS)  increases  with  the  quantity  QPA(1,K)  of 
LRUs  of  type  1 in  terminal  type  K and  with  the  number  1T(K,NS)  of 
terminals  of  type  K at  base  NS,  allowing  that  only  the  fraction 
l-HIP(I)  of  maintenance  actions  involving  LRUs  of  type  I will  result 
in  "of f-equipment"  repair,  that  average  operating  time  per  month 
ATOH(K.NS)  varies  with  base  as  well  as  with  terminal  * ype , and  that 
both  predicted  and  operational  mean  operating  time  between 
maintenance  actions  are  functions  of  the  environment  LE(K)  of 
terminals  of  type  K (i.e.,  ground  fixed,  ground  transportable,  or 
airborne) . Die  variable  MOTBMA(I,LE)  is  the  Contractor's  predicted 
mean  operating  time  between  maintenance  actions  for  an  LRU  of  type  I 
operating  in  environment  LE,  and  MFAC(LE)  is  the  reliability  factor 
which  converts  predicted  failure  rate  (reciprocal  of  MOTBMA( I , LE) ) 
to  operational  failure  rate  as  a function  of  environment  LE. 

The  expected  manpower  repair  cost  HPF(I)  for  each  "off- 
equipment"  repair  of  LRU  type  I is  a sum  of  two  terms,  one  term  for 
base  repair  weighted  by  the  fraction  RTS(I)  of  removals  expected  to 
be  repaired  at  the  base,  and  the  other  term  for  depot  repair 
weighted  by  the  fraction  NRTS(I)  of  removals  expected  to  be  returned 
to  the  depot  for  repair.  Note : The  average  number  of  man-hours 
required  to  repair  LRU  type  I,  RT(I),  includes  time  to  diagnose, 
attempt  to  repair. 

The  principal  factors  of  the  round  trip  packing  and  shipping 
cost  RTF(I.NS)  for  LRU  type  1 from  base  NS  are  the  string 
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whioh  evaluates  the  continuously  discounted  sum  of  a series  of 
payments  Beginning  at  time  A and  ending  at  time  l'-,  for  interest  rate 
R.  I's lng  A s 0 , B=1.'«1'1UP,  and  N=0,  the  multiplier  '.'•I'll'P  results. 
Nor  R<f,  o monthly  interest  rate  must  Be  used. 

The  inputs  RTSi  P , NNTSt P , ffNl\  P are  the  fraction  of  removals 
of  1 Kl'  typo  1 whioh  are  expected  to  Be  repaired  at  the  Base, 
returned  to  the  depot  for  repair,  condemned  upon  failure, 
respectively.  These  Inputs  are  Based  upon  the  results  of  an  Optimum 
Repair-level  (Analysts  u'Rl.A',  as  defined  in  AKl  fM  AKSOM  BiY-4 
i Reference  l tP,  which  assigns  one  of  the  decisions  "Base  repair," 
"depot  repair,"  v'r  "discard"  tv'  each  l.RU  type.  In  addition,  KTStP, 
NRlBiP,  and  iVNPt  P involve  the  variaBles  WON,  the  t'ract  ion  of 
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failures  lof  normally  repairable  LRUs)  which  can  no  longer  he 
repaired,  due  to  wearout , and  NKT,  the  fraction  of  LRUs  normally 
base-repa trable  which  are  sent  to  the  depot  due  to  the  severity  of 
their  damage  ("basket  cases").  These  computations  are  summarized  In 
&hiblt  .1. 

Tost  Element  4 can  he  broken  down  according  to  l.KU  type  or 
terminal  type.  That  port  ion  of  the  cost  element  attributable  to  l RU 
type  1 is  calculated  as  above  but  with  summations  on  k and  NS  only. 
That  portion  of  Cost  Element  4 attributable  to  terminal  type  k is 
calculated  as  above  but  with  summations  on  1 and  NS  only. 

In  the  actual  FORTRAN  program,  S1TELCC,  for  the  AFSATCOM  LCC 
Model,  the  three-dimensional  entity  KAIL(1,K,NS)  is  computed  as  a 
scalar  and  summed  at  the  Innermost  level  of  a three-level  nest  of 
[V- loops.  Thus  only  the  following  two-dimensional  arrays  need  be 
declared  for  core  storage: 

XF(  I , K ) * V FAIL!  I , K , NS) 

MS 


XFBt I, NS)  * £ FAIL(I.K.NS) . 

K 


These  variables  have  the  following  physical  interpretations: 

XF(1,K)  is  the  expected  number  of  removals  (failures)  per  month  of 
L.K1  type  l in  terminal  type  K,  and  XFB(1,NS)  is  the  expected  number 
of  removals  (failures)  per  month  of  IKU  type  1 at  base  NS.  For  the 
compulations  and  prorations  to  LRU  types  1 and  terminal  types  k , 

Si T El. Cf  employs  for  Cost  Element  4 both  the  XK(.l,K)  and  the 
XFbvl.NS)  arrays. 

Mo t e : A useful  attribute  of  an  LRU  is  the  total  expected  number 
of  failures  of  that  LRU  type  over  the  life  cycle.  nits  Quantity  can 
be  used  for  Quick  cost  per  failure  calculations  and  repair  discard 
tradeoffs.  Equating  failures  and  removals  for  this  purpose, 


! 


XFL(l)  = 12*  FI  UP*  £ 1'  EAlLU.K.NS) 
NS  k 

= 12«P1UP»  £ XF(I.K). 

K 

Equivalently  (see  above), 

XELvl)  = 1C*PIUF*  V XFIH1.NS). 

NS 


I 
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The  computed  values  of  XFL(I)  appear  in  the  output  of  the  AF3ATCUM 
LCC  Model  as  a convenience  to  the  user. 

2.1.5  Cost  Element  5 (Replacement  LRUs  and  SRUs) 

The  equation  for  this  cost  element  represents  the  life  cycle 
cost  of  replacement  LRUs  and  SHUs . Included  here  are  costs  of 
repairable  LRUs  purchased  to  replace  those  worn  out  beyond 
feasibility  of  repair,  as  well  as  replacements  for  LRUs  of  types 
designated  for  discard  upon  failure.  Costs  associated  with  levels 
of  indenture  lower  than  the  LRU  are  lumped  together  into  a single 
average  SRU  exchange  cost  for  each  LRU  type.  This  SRU  exchange  cost 
is  an  average  cost  per  failure  (over  the  life  cycle)  to  repair  SRUs 
when  they  are  repairable,  to  buy  replacement  SRUs  when  they  are 
disposable . 

Cost  Element  5 is  computed  as 

SC( 5)  = 12»PIUP  £ EE  FAIL(I,K,NS)*[COND(I)«UC(I) 

NS  K I 

+ ( RTS( I ) *KB  + NRTS( I )*KD) * ASEC( I ) ] . 


For  LRU  types  I with  nonzero  condemnation  fraction  COND(I)  (which 
includes  the  wearout  rate  WOR,  as  per  Exhibit  3),  the  unit  costs 
UC(I)  accrue  over  the  life  cycle.  Otherwise,  for  the  fraction 


1 - COND(l)  = RTS(I)  + NRTS(I), 


the  costs  which  accrue  are  the  average  SHU  exchange  costs  introduced 
in  the  preceding  paragraph.  The  average  SRU  exchange  cost  for  LRU 
type  1 is  denoted  ASEC(I).  Specifically,  ASEC(I)  is  an  average  cost 
per  maintenance  action  resulting  from  failure  of  an  LRU  of  type  I, 
exclusive  of  the  labor  cost  incurred  for  time  to  diagnose,  repair  or 
attempt  to  repair,  at  the  LRU  level  of  indenture.  This  average  is 
comprised  of  the  failure-rate-weighted  costs  of  the  SRUs  in  the  LRU, 
using  repair  cost  (Including  cost  of  labor,  materials,  SE,  spares, 
packing  and  shipping,  etc.)  for  repairable  SRUs,  replacement  costs 
for  disposable  SRUs.  For  any  LRU  type  which  does  not  further 
subdivide  into  an  SRU  level  of  i'  jenture,  ASEC(I)  represents  t.ho 
average  cost  of  repair  materials  only,  per  failure. 
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The  coefficient  of  ASFC(  I ) in  t ho  equation  for  Cost  Element  S 
includes  with  RTS(l)  and  NRTS( I ) , respectively,  the  multipliers  KB 
and  KD  to  convert  EAlL(l,K,NS)  from  expected  number  of  removals  per 
month  to  expected  number  of  actual  failures  per  month,  according  to 
whether  handling  and  maintenance  are  performed  at  the  base  or  .it  t hi- 
de pot  . 


The  input  ASEC( 1 ) is  created  by  an  auxiliary  program  which  uses 
the  cost  per  failure  of  each  SRU  as  a function  of  repair  level 
designated  by  an  OHLA  Houttne  (see,  e.g.,  1 i])  run  for  the  SRUs. 

This  auxiliary  program  receives  as  input  a data  file  which  carries 
all  necessary  information  as  to  the  breakdown  structure  of  l.KUs  into 
SHlls . (Unlike  the  breakdown  structure  of  terminals  into  l.KUs , which 
is  input  and  stored  as  the  matrix  lQPA(I ,K) ] , the  breakdown 
structure  of  LRUs  into  SRUs  is  not  stored  in  matrix  form  due  to  the 
sice  and  relative  sparsity,  i.e.,  large  number  of  .•ore  entries,  that 
such  a matrix  would  possess.) 

In  the  case  where  LRU  type  1 further  subdivides  Into  SRUs,  the 
equation  used  to  compute  ASEC(l)  is 

ASEC( 1)  - £ MOTUMA( 1 , 1 )/MOTBMA( J , I ) 

J 

•lRTS(J)«iTFB(J)  + NRTS(d)*iTKP( J) 

+ COND(Jt»CI'KS(J)  1 

where  index  .1  identifies  the  SRU  type,  and  the  summation  is  taken  on 
each  SHU  in  the  given  LRU  type  1,  to  allow  for  the  possibility  of 
more  than  one  SHU  of  the  same  type  in  the  LRU.  Mere  MOTBMAul . I K)  la 
the  Contractor 's  predicted  mean  operating  time  between  maintenance 
actions  on  an  SRU  of  type  J,  and  MOTBMA(I,LE)  is  the  Contractor's 
predicted  mean  operating  time  between  maintenance  act  ions  for  an  l.KU 
of  type  I,  when  operating  in  environment  LK ; the  representative 
environment  selected  Is  I.K-1,  or  Ground  Fixed.  The  variables 
RTS(J),  NRTS(J),  and  CONLKJ)  are  outputs  from  an  CHI  A Routine  | 1) 
for  SRU  type  J,  with  similar  meaning  as  given  earlier  for  LRU  type: 
the  fraction  of  removals  of  SRU  type  J which  are  expected  to  be 
repaired  at  the  base,  returned  to  t ho  depot  for  repair,  and 
condemned  upon  failure,  respectively.  Olvtdtng  the  life  cycle 
cost  for  SRU  type  J,  for  each  repair-level  designation,  by  the  total 
number  of  failures  of  SHU  1 ypo  .1  expected  over  the  life  cycle,  the 
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S1TE0RLA  Routine*  computes  the  inputs  CPFB(J),  CPKD(.I),  and  CPFS(J) 
for  the  above  equation.  These  therefore  represent  the  cost  per 
failure  of  SRU  type  J given  base  repair,  depot  repair,  and  discard 
upon  failure,  respectively. 

The  expression 


MOTBMA ( 1 , 1 ) /MOTBMA ( J , 1) 


which  appears  as  a coefficient  in  the  equation  for  ASEC(l),  above, 
is  the  probability  of  failure  of  an  SRU  of  type  J in  an  LRU  of  type 
I,  and  hence  accomplishes  the  failure-rate  weighting  of  the  cost 
terms  found  in  the  brackets.  To  see  this,  rewrite  this  expression 

as 

[ 1/M0TbMA(J,  1)J  / [ 1/MOTBMAU,  1)  ] 

which  is  merely  a ratio  of  the  failure  rate  of  an  SRU  of  type  J to 
the  failure  rate  of  an  LRU  of  type  I.  By  consistency  of 
Contractor's  data, 

£ [ 1/M0TBMA(J, 1)]  = 1/ MOTBMA ( 1,1) 

J 


(with  the  summation  taken  on  each  SRU  in  LRU  type  I,  to  allow  for 
the  possibility  of  more  than  one  SRU  of  the  same  type  J).  Hence 


Y.  [ 1/M0TBMA(J,  1)]  / [ 1/MOTBMAU,  1)]  = 1 
J 


as  should  be  the  case  for  probabilities  on  J with  a given  I. 

In  the  case  where  LRU  type  I does  not  further  subdivide  into 
SRUs,  then  the  auxiliary  program  which  computes  ASEC(I)  sets 


•S1TE0RLA  is  the  name  of  a site-specific  ORLA  Routine  developed  at 
The  MITRE  Corporation,  extending  upon  the  1974  work  of  J.  J.  Eabish 
(Reference  [4]),  then  of  Sacramento  ALC/MMER,  to  support  AESATCOM 
life  cycle  cost  analyses. 


ASEC(l)  r HM( I ) 


where  RM(1)  is  the  average  repair  materials  cost  per  failure  of  LRU 
type  I,  an  input  provided  by  the  user. 

As  in  Cost  Element  H,  the  factor  12*PIUP  is  replaced  by  the 
value  of  a continuously  discounted  sum  when  a monthly  interest  rate 
is  provided. 

This  cost  element  can  be  broken  down  according  to  LRU  type  or 
terminal  type.  That  portion  of  Cost  Element  5 attributable  to  LRU 
type  1 is  calculated  as  in  the  above  equation  but  with  summations  on 
K and  NS  only.  That  portion  of  Cost  Element  5 attributable  to 
terminal  type  K is  calculated  as  in  the  above  equation  but  with 
summations  on  I and  NS  only. 

In  the  actual  FORTRAN  program,  SITELCC,  for  the  AFSATCOM  LCC 
Model,  the  three-dimensional  entity  FA1L(I,K,NS)  is  computed  as  a 
scalar  and  summed  into  two-dimensional  arrays,  as  discussed  above 
for  Cost  Element  1) . In  the  computations  of  Cost  Element  5,  only  the 
XF(I,K)  array  is  employed. 

2.1.6  Cost  Element  6 (Organizational  Level  Repairs) 

Cost  Element  b is  the  life  cycle  cost  of  all  organizational 
level  "on-equipment"  repairs,  i.e.,  work  performed  on  LRUs  at  their 
respective  terminals.  This  cost  element  is  comprised  of  unscheduled 
in-place  maintenance,  scheduled  in-place  maintenance,  and  LRU 
removals  and  replacements.  Unscheduled  in-place  maintenance  implies 
those  organizational  level  repair  actions  which  are  performed  on  a 
failed  LRU  without  its  removal  from  the  terminal.  Scheduled  in- 
place  maintenance  consists  of  inspections  required  at  intervals  as  i 

specified  by  the  contractor.  Included  with  Cost  Element  6 as  "on- 
equipment"  repairs  are  all  removals  and  replacements  due  to  LRU 
failures  which  necessitate  further  "of f-cquipment"  repair  action, 
i.e.,  at  base  or  depot  repair  levels. 
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The  equation  for  this  cost  element  is 


SC(  b ) = 1 2*PIUP*  E EE  BLR*QPA(I,K)»IT(K,NS) 

NS  K I 

»rRlP(I)»IMH(I)»ATOH(K,NS)>MKAC(LE(K))  ♦ SMHUJ  ] 
[ MOTBMA(  1 , Lt'(  K ) ) SMI  (I)  J 

+ 12»P1UP»  E EE  BLR«FAIL(I,K,NS)«HMH(1). 

NS  K I 


The  symmetry  in  this  equation  is  revealed  by  substituting  for 
FAIL(I,K,NS)  the  expression  given  in  the  description  for  Cost 
Element  Jj , from  which  the  final  term  of  the  above  equation  becomes 


12»PIUP»  E EE  BLR*qPA(I,K)*lT(K,NS) 

NS  K I 

• [ ( 1-HIP( I ) )*HMH( I ) *ATOH( K ■ NS ) *MFAC( LE( K ) ) 
L M0TBMA( I , LE(K) ) 


Here,  in  addition  to  FORTRAN  variables  presented  in  the  earlier  cost 
element  equations,  1MH(I)  is  the  average  number  of  man-hours 
required  to  repair  LRU  type  I in  place  (i.e.,  without  its  removal 
from  the  terminal),  assuming  that  such  a maintenance  action  is 
required,  SMH(l)  is  the  average  number  of  man-hours  required  to 
perform  scheduled  maintenance  (including  preventive  maintenance, 
preflight,  postflight,  periodic  inspections  of  the  subsystems,  and 
any  remove  and  replace  time)  on  LRU  type  I,  SMI(l)  is  the  average 
scheduled  maintenance  interval,  in  months,  for  LRU  type  I,  and 
HMH(I)  is  the  average  number  of  man-hours  required  to  remove  and 
replace  LRU  type  I.  The  quantities  IMH(l),  SMH(I),  and  RMH(I)  in 
reality  vary  with  terminal  type  K as  well  as  with  LRU  type  I. 
However,  the  life  cycle  cost  has  been  found  to  be  sufficiently 
insensitive  to  variations  in  IMH(I),  SMH(I),  and  RMH(l),  so  that  it 
is  permissible  to  consider  these  quantities  as  functions  of  LRU  type 
1 only,  averaged  over  the  various  terminal  types  K which  may  contain 
LRU  type  I. 
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As  in  Coat  Element  k , the  factor  ICPIUP  is  replaced  by  the 
value  of  a continuously  discounted  sum  when  a monthly  interest  rate 
is  provided. 

This  cost  element  can  be  broken  down  according  to  LKU  type  or 
terminal  type.  That  portion  of  Cost  Element  6 attributable  to  LRU 
type  1 is  calculated  as  in  the  above  equation  but  with  summations  on 
k and  NS  only.  That  portion  of  Cost  Element  6 attributable  to 
terminal  type  k is  calculated  as  in  the  above  equation  but  with 
summations  on  1 and  NS  only. 

In  the  actual  FORTRAN  program,  S1TELCC,  for  the  AFSATCOM  LCC 
Model,  tl»e  three-dimensional  entity  KAIL(1,K,NS)  is  computed  as  a 
scalar  and  summed  into  two-dimensional  arrays,  as  discussed 
previously  for  Cost  Element  4.  In  the  computations  of  Cost  Element 
6,  only  the  XF(1,K)  array  is  employed. 

.'.1.7  Cost  Element  J L£uppo.rt  Equipment ) 

Cost  Element  7 is  the  life  cycle  cost  of  AFSATCOM  support 
equipment,  SE.  The  following  equation  describes  the  cost  of  all  SE 
purchased  for  each  maintenance  facility  (the  various  bases  and  the 
depot),  with  an  added-on  fraction  to  allow  for  the  maintenance  of 
the  SE  itself,  Including  both  labor  and  parts,  over  the  AFSATCOM 
life  cycle: 


SC  ( 7 ) = V [ VnAKTUL.NS)  ♦ NAPD(L)] 

L NS 

•CA( L) *( 1 + P1UP*AMA(L) ) 


where  NAPB(L,NS)  is  the  number  of  SE  items  of  SERB  item  number  L 
purchased  for  base  NS,  NAPD(L)  is  the  number  of  SE  items  of  SERB 
item  number  L purchased  for  the  depot,  CA(L)  is  the  unit  price  of  SE 
Item  L,  and  P1UP*AMA(L)  is  the  added-on  fraction  to  allow  for  the 
maintenance  of  SE  item  L over  the  life  cycle. 


The  numbers  of  SE  items  to  be  purchased,  NAPB(L.NS)  and  NAPD(L), 
are  established  as  follows: 


NAPB(L.NS)  = LERHAB(L,NS)/BAA] 


NAPD(L)  = [ERHAD(L)/DAA] 


where  [...]  denotes  rounding  up  to  the  next  higher  integer, 
ERHAB(L,NS)  and  ERHAD(L)  represent  the  expected  utilization  of  SE 
item  L in  man-hours/month  at  base  NS  and  at  the  depot,  respectively, 
and  BAA,  DAA  are  the  total  available  active  work  time  in  hours/month 
at  base,  depot  repair  shops,  respectively; 


ERHAB(L.NS)  = £ £ ERHB( I , K , NS) *A( 1 , L) 

I K 

ERHAD(L)  = ££  ERHD(I,K)*A(I,L) 

I K 


with 


ERHB( I , K, NS)  = FAIL( I , K , NS) #RTS( I ) *RT( I ) *BMF*KB 


ERHD(I.K)  = £ FAIL( I , K , NS) *NRTS( I ) *RT( I ) *DMF*KD, 
NS 


and  A( I , L)= 1 if  LRU  type  I is  supported  by  SE  item  L,  A(I,L)=0 
otherwise.  The  LRU-SE  usage  or  cross-reference  matrix  [ A ( I , L ) ] is  a 
user's  input  to  the  AFSATCOM  LCC  Model.  Complete  definitions  of  all 
FORTRAN  variables  appearing  above  will  be  found  in  the  Glossary, 
along  with  identification  of  the  responsible  authority  or  source  of 
numerical  data  for  input  variables. 


In  the  FORTRAN  program,  SITELCC,  for  the  AFSATCOM  LCC  Model,  the 
three-dimensional  entities  FAIL(I,K,NS)  and  ERHB(I,K,NS)  are 
actually  computed  as  scalars  and  summed  on  the  index  K into  a two- 
dimensional  array  indexed  by  I and  NS,  prior  to  multiplication  by 
A(I,L).  Similarly,  ERHD(I,K)  is  computed  as  a scalar  and  summed  on 
K,  prior  to  multiplication  by  A(I,L).  A further  feature  of  SITELCC 
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is  achievement  ot'  efficiency  in  the  summations  involving  A(l,L) 
multiplications  by  initialising  the  arrays  LI1HA1H 1. , NS)  atul  LkllAlHl' 
at  zero , then  selectively  summing  the  appropriate  components  of  the 
right-hand  sides  if  and  only  if  A(I,L)=1.  Due  to  the  relative 
sparsity,  i.e.,  large  number  of  zero  entries,  that  the  matrix 
L A 1 1 , L. ) ) would  possess  If  stored  it\  standard  matrix  form,  a "pointer 
matrix"  implementation  is  utilized  in  SITK1.CC.  Thus  the  data  is 
input  and  stored  In  vectors  of  varying  lengths,  each  vector 
containing  nonzero  entries  only.  See  Appendix  A,  Exhibit  7,  Table 
9:  " l.KU-SL  Usage  Matrix  i A ) ".  for  an  example  of  the  input  format 

involved . 

It  should  be  noted  that  in  the  above  calculations  of  numbers  of 
St,  Items  purchased,  NAl'b(l.,NS)  and  NAPD(L),  two  assumptions  have 
been  imposed:  First,  that  the  SL  Items  are  dedicated  to  the 
appropriate  LRUs  undergoing  repair,  for  the  entire  duration 
RT(I)*1'ML  (at  base)  or  RT(I)*DMF  (at  depot)  of  the  repair  operation, 
and  second,  that  the  SL  items  do  not  constitute  bottlenecks  in  the 
sequence  of  repair  operations,  or  equivalently,  that  the  sequence  of 
LRU  types  which  fail  successively  is  well  distributed  among  the 
applicable  SL  items  involved.  Although  the  lifting  of  these  two 
assumptions  would  require  further  model  refinement  and  the  need  for 
additional  statistical  inputs,  it  is  readily  noted  that  the  effects 
of  the  two  assumptions  tend  to  cancel  each  other;  imposing  the  first 
assumption  increases  somewhat  the  number  of  SL  items  purchased, 
whereas  imposing  the  second  assumpt ion  tends  to  decrease  that 
number . 

Note  that  the  ratios  LRHAU( L, NS) /BAA  and  ERHAD(L)  DA A can  be 
interpreted  as  the  fraction  utilization  of  SL  item  1,  at  base  NS  and 
depot  repair  shops  which  possess  precisely  one  such  SL  Item.  Thus 
any  such  ratio  taking  a value  less  than  one  reveals  an  item  utilized 
less  than  full  time  at  the  designated  site  (base  NS  or  depot).  A 
value  greater  than  one  establishes  that  one  item  will  not  be 
sufficient  at  that  site.  These  ratios  can  be  of  independent 
interest  in  logistics  support  studies  involving  the  sharing  of 
facilities  with  programs  other  than  ALSATOOM.  It  must  be  emphasized 
that  tiu'  AFSATCOM  LCD  Model  computes  utilization  of  support 
equipment  as  needed  by  the  AFSATCOM  system  only. 

If  a maintenance  bench  set  Is  to  be  installed  at  base  NS,  then 
special  ALSATCOM  support  equipment  need  not  necessarily  be  purchased 
for  that  base.  This  decision  is  carried  in  the  coding  and 
assignment  of  t tie  six  available  maintenance  bench  set  types, 

NHM(NS).  (See  Cost  Element  1.)  When  a maintenance  bench  set  type 


11 


which  precludes  the  purchase  of  special  AKSATCOM  support  equipment 
is  assigned  to  base  NS,  then  NAPB(L.NS)  is  set  to  zero  for  the 
appropriate  SERD  item  numbers  L which  are  involved. 

The  actual  unit  price  CA(L')  of  SE  item  L is  typically  dependent 
upon  the  total  quantity  of  that  item  to  be  purchased: 


NAPH(L)  = £ NAPB(L.NS)  ♦ NAPD(L) . 
NS 


The  model  currently  allows  for  as  many  as  four  price  categories, 
defined  by  user  implementation  of  as  many  as  three  price 
breakpoints;  provision  for  additional  price  breakpoints  could  easily 
be  incorporated. 

The  added-on  fraction  for  maintenance  over  the  life  cycle, 
represented  above  as  PIUP*AMA(L),  is  actually  programmed  as 
DFC( A , b, R) #AMA( L)  with  ArO,  b=PIUP  and  R the  annual  interest  rate. 
Tlte  function  DFC(A,B,R)  is  the  same  continuous  discount  factor  as 
discussed  previously  for  Cost  Element  4.  Using  R=0,  the  multiplier 
PIUP  results.  For  R<0,  an  annual  interest  rate  must  be  used. 

An  earlier  version  of  the  AFSATOQM  LCC  Model  used  the  following 
equation  for  Cost  Element  7: 

SC(  7 ) = EEEFE  ERHB(I.K.NS)  • NAPB(L.NS) 

L K I [ NS  ERHAB(L.NS) 

+ ERHD(I.K)  • NAPD(L)] 

ERHAD(L)  J 

•CA( L)*A( I , L ) * ( 1 + PIUP*AMA( L) ) . 


This  equation  not  only  described  the  cost  of  all  SE  purchased  at 
each  maintenance  facility  (base  and  depot),  plus  an  allowance  for 
the  maintaining  of  the  SE  itself,  but  also  prorated  a fair  share  of 
this  cost  to  each  LRU  type  and  to  each  terminal  type,  depending  upon 
their  expected  utilization  of  the  SE  items.  The  factors 
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ft'lilH  1 .K.Nb) 

EKHAhlL.NM) 


KKUliU.Kj 

FRIIAPU 


were  used  to  prorate  the  coat  of  SEKU  Item  1 to  LKU  type  1 and 
terminal  type  K,  .it  base  NS  and  at  the  depot,  respectively. 

by  using  this  equation,  it  was  possible  In  the  earlier  version 
of  t lie  AFSATOOM  1.0C  Model  to  break  down  Cost  Element  7 according  to 
l Kb  type  or  terminal  type.  That  port  ton  of  Cost  Element  7 
attributable  to  l.KU  type  l was  calculated  with  t tie  summation  on  1 
omitted.  That  port  ion  of  Cost  Element  7 attributable  to  terminal 
type  k was  calculated  witti  the  summation  on  k omitted. 

C.t.S  Cost  Element  & U'lttial  Training,) 

Cost  Element  b is  the  cost  of  initial  training,  t.e.,  the  costs 
to  train  tin*  initial  maintenance  and  operator  specialist  personnel, 
and  the  cost  of  specific  training  equipment  required  for  the  system, 
lo  compute  these  costs,  the  l.KU  types  are  grouped  into  categories 
for  training  purposes;  it  is  anticipated  that  within  a category  all 
l.KU  types  are  to  be  repaired  at  the  same  level  li.e.,  base  repair  or 
depot  repair). 

this  cost  of  initial  training  is  computed  as  follows: 


bCib)  s TE  ♦ Ton 

♦ V l NMTU»KTbHM)  ♦ NMTU*NKTS  1 ( M)  ] 
M 

•iTCMW  ♦ PAL ) •TW( M) 


IE  is  the 


'f  training  equipment  required,  TOPI  is  the 


cost  of  initial  training  of  organizational-level  maintenance  and 
operator  specialist  personnel , and  the  summation  expression  is  the 
cost  of  initial  contractor-provided  training  for  base  and  depot 
maintenance  personnel  i including  instruction  and  training 
mater  la  la) . 

'within  the  summation  expression  above,  NMTB  is  t lie  number  of  men 
trained  for  base  level  maintenance  work,  NMTP  is  the  number  of  men 
trained  for  depot  level  maintenance  work,  RTSHM)  and  NRTSHM)  are 
normal  l .‘.at  ions  of  Kl'bil)  and  NRTSil)  for  category  M containing  l.KU 


■ 
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type  I (see  below),  and  TCNW  and  PAL  are  respectively,  the  average 
cost  of  initial  contractor-provided  training,  and  the  student  pay 
and  allowances  for  average  grade  trained.  Both  TCMW  and  PAL  are  in 
dollars  per  man  per  week,  and  TW(M)  is  the  average  number  of  weeks 
needed  to  train  a man  to  repair  any  LRU  type  in  category  H. 

The  number  of  men  trained  for  base  level  maintenance  work,  NMTB, 
is  the  sum  over  all  bases  NS  of  the  number  of  men  trained  for  such 
maintenance  work  at  base  NS,  NMT(NS): 


NMTB  = £ NMT(NS) . 

NS 

The  components  NMT(NS)  and  NMTD  are  computed  from  more  basic  inputs: 


NMT(NS)  = Max  l MMTB(NS),  [NPERB(NS)]  1 


NMTD  = Max  { MMTD,  [NPERD]  I 


where  ( . . . ] denotes  rounding  up  to  the  next  higher  integer, 

MMTB(NS)  and  MMTD  are  the  minimum  number  of  men  planned  for  initial 
training  to  support  AESATCOM  at  base  NS  and  at  the  depot 
respectively,  and  NPERB(NS),  NPERD  are  the  fraction  utilisation  of  a 
one-man  shop  at  base  NS  and  at  the  depot,  respectively.  These 
fraction  utilizations  are  computed  as  ratios  of  required  repair  time 
to  available  repair  time, 


NPERB(NS)  = ERPSB( NS) /BAA 
NPERD  = ERPSD/DAA 


where  EHPSB(NS),  ERPSD  represent  the  expected  repair  time  required 
in  man-hours/month  at  base  NS  and  at  the  depot,  respectively  (with 
expected  base  repair  time  including  remove  and  replace  time), 
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KRPSBiNS)  = FA1 1 .il,k.NS)»iRTSin«KTU),BMK«KR  * RMH(l)) 

k 1 


KRPBP  = iJV  EAlUI.K.NS>,NR,WHl)»KTl.n,l''MK»kD, 

NS  K L 

and  BAA,  BAA  are  the  total  available'  active  work  time  in  hours  month 
at  base,  depot  repair  shops,  tThus  BAA,  BAA  represent  total 
available  man-hours  month  at  hypothetical  one-man  shops.) 

l'he  tract  ion  ut  i l i /at  ions  Nl'KRIUNS)  and  Nl'KKB  are  of  independent 
interest.  Any  such  variable  taking  a value  less  than  one  reveals  a 
site  i base  or  depot'  at  which  the  repair  shop  experiences  less  than 
full-time  utilisation  of  one  man;  a value  greater  than  one 
establishes  that  one  man  will  not  be  sufficient  at  that  site.  These 
data  play  a role  in  logistics  support  studies  involving  facilities 
and  personnel  to  be  shared  with  programs  other  than  A KB A 1Y0M.  It 
must  he  emphasised  that  the  AKSATOOM  l .BO  Model  computes  utilization 
of  repair  shop  facilities  and  personnel  as  needed  by  the  AKBA1Y0M 
system  only. 

l'he  normal  i zat  ions  RTSHM'  and  NKTBI(M)  in  the  summation 
expression  of  the  equation  for  vest  Klement  B are  to  convert  RTStl) 
and  N8TBU'  into  zero-one  variables  tsee  Exhibit  1' 

RTBliM)  = IHKTB(I)) 

NRTBUM)  = U(NRTSin  - NRT' 


for  category  M containing  l.Klt  type  1.  The  function  UiX'  used  above 
is  a unit  step  function  for  strictly  positive  X, 


UtX'  = 1 if  X ' 0 
=0  if  X x 0. 


In  the  actual  FORTRAN  program  of  the  AKSATOOM  1,00  Model, 

SlTEl.OO,  the  assignment  of  LRU  type  1 into  category  M is  effected  by 
the  manner  in  which  l'W(M)  input  data  is  prepared.  Actually,  the 
program  sums  on  index  l,  not  M,  but  1'W t 1 ) is  input  as  zero  for  all 
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but  one  LRU  type  in  each  category;  the  nonzero  TW(1)  then  serves  as 
TW(M).  Also,  in  the  actual  FORTRAN  program,  the  three-dimensional 
entity  FAIL(I,K,NS)  is  computed  as  a scalar  and  summed  on  the 
indices  I and  K into  ERPSB(NS)  and  EKPSD. 


1.1.9  Cost 


ring  Training) 


Cost  Element  9 is  the  cost  of  recurring  training,  i.e.,  the  cost 
to  train  the  maintenance  and  operator/specialist  personnel  required 
to  replace  the  initially  trained  personnel  who  have  been  promoted, 
transferred,  or  have  left  the  Air  Force. 

This  cost  of  recurring  training  is  computed  as  follows: 


SC( 9 ) = ITOPR  + £ NMT ( NS) *TRB( NS) *TCMb 
NS 

♦ NMTD*TRD*TCMD]*( PIUP- 1 ) 


where  TOPR  is  the  annual  cost  of  replenishment  training  of 
organizational  level  maintenance  and  operator/specialist  personnel, 
l'RB(NS)  and  TRD  are  the  additional  fraction  of  men  at  base  NS  and  at 
the  depot,  respectively,  which  must  be  trained  annually  to  fill 
maintenance  personnel  vacancies,  and  TCMB,  TCMD  are  the  average  per- 
man  costs  of  training  courses  for  base-level  maintenance  and  depot- 
level  maintenance,  respectively  (including  instruction  and  training 
materials) . 

Note  that  the  equation  for  Cost  Element  9 is  based  on  personnel 
being  trained  by  the  Air  Training  Command  at  a per-man  course  rate, 
whereas  the  equation  for  Cost  Element  8 used  a weekly  dollar  rate 
per  man. 

The  factor  (PIUP-1)  assumes  that,  recurrent  training  starts  up  in 
the  second  year  of  the  AFSATCGM  system  operation,  and  is  held  at 
uniform  levels  throughout  the  remaining  life  of  the  system. 


The  factor  (PIUP-1)  is  actually  programmed  as  DFC(A,B,R)  with 
A:),  B=PIUP  and  R the  annual  interest  rate.  The  function  DFC(A,B,R) 
is  the  same  continuous  discount  factor  as  discussed  previously  for 
Cost  Element  4.  Using  R=0,  the  factor  (PIUP-1)  results.  For  R<0, 
an  annual  interest  rate  must  be  used. 


2.1.10  Cost  Element  10  (New  Item  Inventory  Management! 


This  cost  element  accounts  for  the  management  (administrative) 
cost  to  introduce  new  assemblies  and  parts  into  the  Air  Force 
inventory  system,  and  the  recurring  supply  inventory  management 
costs  associated  with  such  inventories.  It  is  assumed  that  the 
first  year's  inventory  system  set-up  costs  plus  inventory  management 
costs  equals  the  annual  inventory  management  cost  for  each  remaining 
year;  current  AFSATCOM  cost  accounting  procedures  support  this 
assumption . 

The  equation  for  this  cost  element  is 


SC(10)  = PIUP*  Y.  [NLRU(I)*( 1 + CPA(I))»IMC 
I 

+ (NIS(I)  + NC1S(I)*CPA(I))*SA] 


where  NLRU(I)  is  an  indicator  (or  flag)  variable  which  is  one  if  LRU 
type  I is  utilized  at  some  base  in  the  current  AFSATCOM  LCC  Model 
run  (implying  that  t.his  LRU  type  is  a new  item  in  the  Air  Force 
inventory  system),  zero  otherwise;  CPA(I)  is  the  number  of  new  "P"- 
coded  assemblies  (SRUs)  added  to  the  AF  inventory  system  to  support 
repair  of  LRUs  of  type  I;  IMC  is  the  annual  inventory  management 
cost  incurred  due  to  introduction  of  a new  "P"-coded  item;  NIS(I)  is 
the  number  of  bases  which  use  LRU  type  I;  NCIS(I)  is  the  number  of 
bases  which  stock  SRUs  to  support  base  level  repair  of  LRUs  of  type 
I;  SA  is  the  annual  supply  inventory  management  cost  per  base. 

Four  of  the  above  variables  are  computed  from  more  basic  inputs: 
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NLRU(I)  = U(  E E QPA(I,K)*1T(K,NS)) 

NS  K 

CPA(I)  = PA( 1 ) *U(  1 - COND(I)) 

NIS(I)  = EU(  E QPA(I,K)*IT(K,NS)) 

NS  K 

NCIS(I)  = E U(  E UPA( I,K)»1T(K,NS)»RTS(I)) 
NS  K 


whore  U(X)  la  a unit  step  function  for  strictly  positive  X, 


U(X)  = 1 if  X > 0 
=0  if  X < 0. 


Complete  definitions  of  all  FORTRAN  variables  which  appear  above  can 
be  found  in  the  Glossary. 

Note : Equivalent  computational  procedures  for  NLRU(I)  and 
WIS(I),  using  definitions  given  in  Appendix  B,  "Quantities  of  LRUs," 
below,  are 


NLRU(l)  = U(QLRUKI)) 

= U(  E QLBKI.NS)) 
NS 

NIS(I)  = E U(QLB1(I,NS)) 
NS 


from  which  it  can  be  shown  that 


NLRU(I)  = U(NIS(1)). 


The  distinction  between  CPA(I)  and  PA(I)  Is  as  follows:  PA(l) 
is  provided  by  the  contractor  in  advance  of  using  an  ORL.A  Routine 
[3]  to  decide  whether  LRUs  of  type  1 are  to  be  repaired  or  condemned 
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upon  failure  (non  t ho  discussion 
>.'11  variables  evaluated  via  OK  LA ; 
CPA(l)  equals  l'A(l)  If  LRU  type 
1 .Hll  type  1 la  to  be  condemned. 


In  Cost  Element  H,  and  Exhibit  l, 
see  also  the  Glossary)  whereas 
L Is  to  be  repaired,  equals  zero  if 


The  multiplier  P l UP  In  the  equation  for  Cost.  Element  10  Is 
actually  programmed  as  PFC(A,U,R)  with  A = 0,  BrFJUP  and  R the  annual 
Interest  rate.  The  function  DKC(A,B,R)  is  the  same  continuous 
discount  factor  as  discussed  previously  for  Cost  Element  U . Using 
R«0,  the  multiplier  P1IIP  results.  Eor  R * 0 , an  annual  interest  rate 
must  be  used . 

,'.1.11  Cost  Element  11  i Technical  Data) 

The  following  equation  describes  the  cost  of  technical  data, 
i .<> .,  t ho  cost  of  purchasing  the  mast  er  negatives  for  Technical 
orders,  overhaul  manuals  and  other  special  technical  documentation 
or  repair  Instructions: 


SCI  1 1)  = IT DSP 


L'TDLPU)  + 
1 


VTDTP(K)  ♦ 
K 


V TDAP(L) ] 
L 


•1ACPP  ♦ TOP  ♦ TDU*( P1UP- 1)1, 


IV'talled  definitions  and  units  of  all  these  FORTRAN  variables  are 
given  lu  the  Glossary,  along  with  Identification  of  the  responsible 
authority  or  source  of  numerical  data  for  input  variables.  Briefly, 
t hr  first  expression  In  parentheses  counts  the  number  of  pages,  and 
the  second  expression  in  parentheses  contains  the  acquisition  cost s 
per  page  and  the  upkeep  cost  per  page  pet'  year  multiplied  by 
IPIUP-I),  which  assumes  that  new  document  acquisition  provides  for 
the  first  year  and  upkeep  costs  provide  for  the  remainder  of  the 
t I fe  cyo 1 e . 


The  factor  1PIUP-1)  Is  actually  programmed  as  PFC(A,B,R)  with 
A 1,  BsPllIP  and  R the  annual  Interest  rate.  The  function  PFClA,B,R) 
Is  the  same  continuous  discount  factor  as  discussed  previously  for 
Cost  Element  4.  Using  R=0,  the  factor  (PlUl’-l)  results.  For  R*f 0 , 
an  annual  Interest  rate  must  be  used. 


l'» 


.1.12  Ou  tp yt  s_p £_kM_ mL-Bsui  jne  (Summary) 


The  LCC  Routine  displays  as  AFSATCOM  LCC  Model  output  the  total 
system  life  cycle  cost,  defined  as  the  sum  of  the  eleven  cost 
elements  described  above.  For  each  of  these  cost  elements,  the  cost 
over  the  life  cycle  Is  output,  both  In  dollars  and  as  a percentage 
of  total  life  cycle  cost.  Also  output  Is  the  apportionment  of  total 
life  cycle  cost,  and  of  each  cost  element,  into  acquisition  cost 
and  or  operat lor  and  support  cost . Where  possible  by  the  equation 
structure  of  the  model,  certain  cost  elements  are  further  broken 
down  by  LRU  type  and 'or  by  terminal  type. 

The  printed  outputs  of  the  AFSATCOM  LCC  Model  include  not  only 
cost  information,  but  also  a display  of  a large  number  of  non-cost, 
variables  computed  in  the  LCC  Houtine  and  in  the  Sparing  and 
Availability  Routines  to  be  discussed  below.  A complete  description 
of  the  output  reports  of  the  AFSATCOM  LCC  Model,  with  illustration 
of  a set  of  actual  reports  from  a sample  model  run,  is  included  as 
Appendix  A of  this  document. 

2.2  The  Sparing  Routine 

2.2.1  Overview 

The  Sparing  Routine,  called  EBGS  (for  Expected  Backorder 
Sparing),  decides  for  each  LRU  type  and  at  each  base  whether  an 
inventory  of  that  LRU  type  is  to  be  maintained  to  support  the 
operation  of  AFSATCOM  terminals  at  that  base.  A similar  decision  is 
made  by  the  Sparing  Routine  for  each  LRU  type  at  the  depot.  For 
each  case  where  an  inventory  Is  to  be  maintained,  the  Sparing 
Houtine  computes  the  appropriate  quantity  of  spares  to  be  acquired. 
The  criterion  employed  for  determining  the  size  of  inventory,  if 
any,  is  that  such  inventory  is  to  consist  of  the  minimum  quantity  of 
spares  of  each  LRU  type  needed  at  each  base  or  at  the  depot  in  order 
to  guarantee  that  the  average  number  of  LRUs  on  backorder  each  month 
(i.e.,  LRU  failures  which  place  a terminal  into  NORS  condition* 
after  depletion  of  base  inventory)  is  no  more  than  a preassigned 
upper  limit.  This  limit  is  controllable  by  the  user  of  the  model  to 
achieve  tradeoff  between  cost  of  LRU  inventories  and  availability  of 
terminals.  For  AFSATCOM  analyses,  the  preassigned  upper  limit  has 
been  taken  at  0.1  backorders  per  month  for  each  LRU  type,  at  each 
base  and  at  the  depot.  This  is  consistent  with  current  AFLC  use  of 
the  Logistics  Support  Cost  (LSC)  Model  (Reference  [1]).  It  is  to  be 
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noted,  however,  that  the  Sparing  Routine  could  be  employed  with 
these  preas3igned  upper  limits  dependent  upon  LRU  type  and  specific 
base,  or  depot.  Such  a feature  allows  the  AFSATCOM  LCC  Model  to  be 
of  use  in  finer  studies  involving  the  tradeoff  between  the  cost  of 
LRU  inventories  and  the  availability  of  AFSATCOM  terminals. 

The  Sparing  Routine  aliows  for  the  possibility  that 
transportation  and/or  repair  can  be  expedited  for  LRU  failures  which 
occur  while  the  base  inventory  is  depleted,  i.e.,  failures  which 
place  a terminal  into  NURS  condition. 

The  expected  number  of  backorders  per  month  allowable  for  each 
LRU  at  a given  base  and  at  the  depot  will  affect  the  availability  of 
the  terminals  at  that  base.  The  computations  for  LRU  sparing  and 
for  terminal  availability  both  require  consideration  of  which  LRUs 
are  used  in  which  terminals,  and  the  average  operating  hours  per 
month  of  these  terminals  at  the  base  in  question.  However,  in  LRU 
sparing,  the  LRU  type  is  held  fixed  while  all  terminal  types  at  that 
base  are  considered,  whereas  when  computing  terminal  availability 
the  terminal  type  is  held  fixed  while  all  LRU  types  within  that 
terminal  are  considered.  Terminal  availability  calculations  are 
performed  by  the  Availability  Routine  to  be  discussed  in  Section  2.3 
below. 

In  addition  to  calculating  the  quantity  of  spares  for  base  and 
depot  inventories,  the  Sparing  Routine  also  calculates  the  expected 
number  of  backorders  per  month  and  the  probability  of  backordering 
(i.e.,  of  needing  replacements  after  inventory  has  been  depleted)  at 
the  bases  and  at  the  depot,  for  the  computed  quantity  of  spares. 

The  quantity  of  spares  calculated  by  this  routine  is  an  input  to  the 
AFSATCOM  LCC  Routine  (in  particular,  to  Cost  Element  2 of  Section 
2.1  above),  and  the  resulting  probability  of  backordering  will  be  an 
input  to  the  Availability  Routine  (Section  2.3  below). 

The  same  Sparing  Routine  is  used  to  compute  the  quantity  of 
spares,  expected  number  of  backorders  per  month,  and  probability  of 
backordering,  at  the  depot  as  well  as  at  the  various  bases.  This  is 
accomplished  by  a change  of  input  data  to  the  routine  and  does  not 
require  any  change  in  the  routine  itself. 

In  S1TELCC,  the  FORTRAN  program  for  the  AFSATCOM  LCC  Model, 
Subroutine  EBOS  is  called  from  the  LCC  Routine.  As  such,  the 
variable  names  used  in  the  calling  routine  need  not  be  identical 
with  the  names  of  the  same  variables  in  the  subroutine.  Exhibit  A 
lists  the  Subroutine  EBOS  variables  which  transfer  through  the 
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calling  procedure,  and  displays  the  correspondence  between  variable 
names  in  the  subroutine  and  In  the  calling  routine  for  the  two 
situations  of  interest:  LRUs  of  type  1 at  base  NS,  and  LRUs  of  type 
I at  the  depot.  In  addition,  Exhibit  4 notes  the  routine  to  which 
each  EBOS  output  variable  is  transferred.  The  quantities  SB(I,NS) 
and  Sl)( I ) , namely,  the  Internally-computed  sparing  levels  for  each 
LRU  type  at  each  base  and  at  the  depot,  also  appear  among  the  output 
reports  of  the  AFSATCOM  LCC  Model  (see  Appendix  A). 

The  structure  for  developing  the  Sparing  Routine  is  as  follows: 
For  each  given  LRU  type  I at  given  base  NS,  a failure  rate  (average 
number  of  failed  LRUs  per  month)  is  computed  as  a composite  of  the 
individual  failure  rates  of  LRUs  of  that  type  at  that  base.  Each 
failed  LRU  is  replaced  in  the  terminal  by  a similar  type  LRU  from 
base  inventory  (if  any)  and  is  submitted  into  a "generalized 
base/depot  pipeline"  which  Includes  the  time  durations  and 
associated  probabilities  of  base  repair,  depot  inventory,  depot 
repair,  and  appropriate  transportation  time,  for  the  given  indices  1 
and  NS.  The  average  pipeline  time  multiplied  by  the  LRU  failure 
rate,  termed  the  "load  factor,"  AS,  is  computed  for  the  LRU  type  I 
and  base  NS . 

The  pipeline  is  now  viewed  as  an  infinite-channel  (i.e., 
infinite-server)  queuing  system,  where  the  number  of  customers  in 
the  system  is  the  number  of  LRUs  of  type  I from  base  NS  which  are 
simultaneously  undergoing  some  form  of  pipeline  service.  From  this 
viewpoint  the  load  factor  AS  Is  seen  to  be  precisely  the  average 
number  of  LRUs  in  the  pipeline,  and  the  probability  distribution  of 
the  number  in  the  pipeline  is  obtained. 

Let  US  denote  the  quantity  of  spares  of  LRU  type  I to  be 
acquired  for  Inventory  at  base  NS.  Then  whenever  there  are  QS  or 
less  LRUs  In  the  pipeline,  the  base  inventory  will  suffice  to  keep 
all  AFSATCOM  terminals  operating.  However,  when  the  number  in  the 
pipeline  exceeds  QS,  then  the  excess  will  be  a count  of  the  number 
of  backorders  of  LRU  type  1 at  base  NS.  With  probabilities  of  each 
such  event  having  been  obtained  via  the  infinite-channel  queuing 
system  analysis,  the  expected  number  of  backorders,  EBO,  of  LRU  type 
1 at  base  NS  is  computed.  If  this  number  is  less  than  or  equal  to 
the  preassigned  upper  limit  AX,  the  Sparing  Routine  ends;  otherwise, 
QS  Is  Increased  by  one  and  the  procedure  is  repeated.  As  QS 
increases,  EBO  decreases  to  zero,  hence  for  any  positive  AX  the 
Sparing  Routine  terminates  at  the  desired  level  of  QS. 
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2.2.2  Inputs 

The  inputs  to  the  Sparing  Routine  are  the  load  factor,  AS,  the 
upper  limit  on  expected  number  of  backorders  per  month,  AX,  and  the 
expediting  factor  EXF  by  which  pipeline  time  is  divided  whenever 
inventory  is  depleted. 


Load  factor  AS  is  the  LRU  failure  rate  (per  month)  multiplied  by 
the  average  pipeline  time  (in  months).  When  the  Sparing  Routine  is 
used  to  obtain  base  inventory,  AS  is  set  up  from  base  parameters;  if 
the  Sparing  Routine  is  to  compute  depot  Inventory,  then  depot 
parameters  must  yield  AS. 

2.2.2. 1 Load  Factor  for  Base  Inventory:  For  each  given  LRU 
type  1 at  a given  base  NS,  base  inventory  is  obtained  by  calling  the 
Sparing  Routine  with  load  factor  AS  computed  in  advance  as 


AB( I , NS)  = XFB(I,NS) 

*[ RTS( I ) *BRCT#KB  + 


( NRTS( I ) *KD  + COND( I ) )#OST( LO(NS) ) ] 


Here  XFB(I,NS)  represents  the  expected  number  of  removals  per  month 
of  LRU  type  I at  base  NS, 


XFB(I,NS)  = £ FAIL(I,K,NS), 

K 


where  FAIL(I,K,NS)  is  the  expected  number  of  removals  per  month  of 
LRU  type  I in  terminal  type  K at  base  NS;  as  in  Section  2.1, 


FAILC I , K, NS)  = QPA(I,K)*IT(K,NS)»( 1-RIP(I ) )*ATOH(K , NS) 

*MF AC ( LE ( K ) ) /MOTBMA ( I , LE(K ) ) . 


The  expression  in  brackets  above,  [ RTS( I ) #BRCT*KB  + ...],  represents 
the  average  pipeline  time  of  a "generalized  base/depot  pipeline." 

All  FORTRAN  variables  which  appear  above  are  defined  in  the 
Glossary.  Briefly,  the  monthly  failure  rate  of  an  LRU  type  by  base 
is  a sum  of  the  failure  rates  for  that  LRU  type  by  terminal  type  as 
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well  as  by  base,  allowing  that  not  all  of  the  maintenance  actions  of 
LRUs  result  in  removal  and  insertion  into  the  pipeline,  that  average 
operating  time  per  month  varies  with  the  terminal  type,  and  that 
both  predicted  and  operational  mean  operating  time  between 
maintenance  actions  are  functions  of  the  environment  of  the  terminal 
(i.e.,  ground  fixed,  ground  transportable,  or  airborne).  The 
average  pipeline  time  (in  brackets,  above)  is  composed  of  three 
components:  a first  component  due  to  LRUs  of  the  specified  type 
which  are  repaired  at  the  base,  another  due  to  LRUs  repaired  or 
replaced  at  the  depot,  and  a third  for  LRUs  condemned  upon  failure. 
Since  the  second  and  third  components  both  involve  depot-to-base 
transportation  time,  the  location  LO(NS)  of  the  base  (continental 
U.S.  or  overseas)  is  considered. 

RTS(I)  is  the  fraction  of  removals  of  LRUs  of  type  1 which  are 
expected  to  be  repaired  at  the  base,  NRTS(I)  is  the  fraction  of  such 
removals  expected  to  be  returned  to  the  depot  for  repair,  and 
COND(l)  is  the  fraction  expected  to  be  condemned  upon  failure. 
Respectively  with  these  coefficients,  BRCT  is  the  average  base 
repair  cycle  time  until  the  failed  LRU  is  repaired  and  capable  of 
returning  to  base  inventory  (with  the  multiplier  KB  converting 
FAIL(I,K,NS)  from  expected  number  of  removals  per  month  to  expected 
number  of  failures  per  month),  0ST(L0(NS))  accounts  for  the  order 
and  one-way  shipping  time  from  depot  to  base  of  a new  LRU  to 
replenish  base  inventory  while  the  failed  LRU  undergoes  repair  at 
the  depot  (the  multiplier  KD  converting  FAIL(I,K,NS)  from  removals 
departing  the  base  to  repaired  LRUs  returning  to  the  base  from  the 
depot),  and  the  coefficient  of  COND(I)  is  the  same  as  for  NRTS(I) 
(but  with  the  multiplier  KD  omitted). 

The  formula  for  average  pipeline  time  is  based  upon  negligible 
probability  of  the  depot  inventory  being  depleted.  To  see  this, 
consider  the  more  exact  expression  for  the  component  of  formula  due 
to  repair/replacement  at  the  depot  (FORTRAN  indices  omitted  for 
brevity) 


NRTS*KD*[ ( 1-PCD)*0ST  + PCD*OSTX] 


where  PCD  is  the  probability  of  depot  inventory  being  depleted.  In 
such  case,  the  order  and  one-way  shipping  time  OST  from  depot  to 
base  must  be  replaced  by  an  expedited  order  and  two-way  shipping 
time  plus  depot  repair  and  handling  time,  say  OSTX.  For  PCD 


negligible,  this  expression  reduces  to  NRTS,KD*OST  as  first 
presented . 


2. 2. 2. 2 Load  Factor  for  Depot  Inventory:  For  each  given  LRU 
type  I,  depot  inventory  is  obtained  by  calling  the  Sparing  Routine 
with  load  factor  AS  computed  in  advance  as 


AD(  1 ) = £ XF(I,K)*(1-RTS(I))»DRCT  if  COND(I)  < 1, 

K 


if  COND(I)  = 1. 


Herein  XF(I,K)  represents  the  expected  number  of  removals  (failures) 
per  month  of  LRU  type  1 at  all  bases,  where 


XF( 1 , K ) = E FAIL( I , K , NS) , 
NS 


the  factor  t-RTS(l)  reflects  the  fact  that  not  all  such  failures  are 
replenished  by  depot  inventory  or  repair,  and  DRCT  is  an  average  of 
the  depot's  own  pipeline  time  for  all  LRU  types  and  base  locations: 
one-way  shipping  time  to  receive  the  failed  LRU,  plus  depot  handling 
and  repair  time. 

For  LRU  types  I such  that  C0ND(I)=1,  a load  factor  of  zero  is 
input  to  the  Sparing  Routine;  this  causes  an  output  of  QSrO,  namely, 
no  depot  inventory  based  upon  depot  pipeline  time  for  LRU  types 
condemned  upon  failure.  Actually,  the  AFSATCOM  LCC  Model  does 
account  for  the  cost  of  replacements  for  LRUs  condemned  upon 
failure.  This  cost  is  accounted  for  in  the  LCC  Routine,  Cost 
Element  5,  namely,  the  cost  of  replacement  LRUs  and  SRUs  over  the 
life  cycle  F1UF.  Specifically,  the  cost  of  such  replacement  LRUs  is 
included  in  that  cost  element  via  the  use  of  the  product 
COND( i ) *UC( I ) where  UC(I)  is  the  unit  cost  of  an  LRU  of  type  I. 

(See  Cost  Element  5 in  Section  2.1.)  To  account  for  these 
replacements  in  the  depot  sparing  term  of  Cost  Element  2,  spares 
acquisition,  would  be  a double  counting  of  their  costs;  hence,  when 
establishing  depot  inventory  levels,  the  output  QS  of  the  Sparing 
Routine  (which  returns  to  Cost  Element  2 as  per  Exhibit  above) 
must  be  zero  for  LRUs  condemned  upon  failure. 


2.2.2. 3 Uppe~  Limit  for  Expected  Backorders:  The  input  AX  is  a 
preassigned  upper  limit  on  the  expected  number  of  backorders  per 
month  to  be  calculated  by  the  Sparing  Routine.  As  this  routine  is 
currently  used  in  the  AFSATCOM  LCC  Model,  AX  is  taken  at  0.1 
backorders  per  month.  This  is  consistent  with  current  AFLC 
procedures  (see  discussion  in  "Overview,"  Section  2.2. 1,  above).  It 
is  to  be  noted  that  the  Sparing  Routine  could  be  employed  with  AX 
dependent  upon  LRU  type  and  specific  base  or  depot. 

In  SITELCC,  the  FORTRAN  program  for  the  AFSATCOM  LCC  Model, 
Subroutine  EBOS  is  called  from  the  LCC  Routine.  As  such,  the 
variable  names  used  in  the  calling  routine  need  riot  be  identical 
with  the  names  of  the  same  variables  in  the  subroutine.  To  conform 
to  the  terminology  of  the  documentation  for  the  AFLC  Logistics 
Support  Cost  (LSC)  Model  (Reference  [1]),  the  upper  limit  for 
expected  backorders  is  input  as  EBO  in  the  main  program,  and 
received  as  AX  in  the  subroutine.  This  use  of  the  variable  name 
"EBO"  must  not  be  confused  with  the  EBO  discussed  thus  far,  and  to 
be  discussed  further  in  Subsections  2. 2.4  and  2-2. 4.2,  entitled 
"Outputs"  and  "Expected  Number  of  Backorders,"  below.  See  Exhibit  iJ 
for  clarification  and  additional  information. 

2.2.2.h  Expediting  Factor:  An  expediting  factor  EXF  is 
provided  as  an  input  to  allow  that  transportation  and/or  repair  can 
be  expedited  for  failures  which  occur  while  inventory  is  depleted. 
The  Sparing  Routine  uses  the  load  factor  AS  while  failures  decrease 
the  inventory  to  zero.  Whenever  inventory  is  already  depleted, 
failures  are  given  the  load  factor  AS  divided  by  EXF,  representing 
pipeline  time  divided  by  EXF.  If  expediting  is  to  be  utilized,  EXF 
input  must  be  greater  than  one.  Otherwise,  input  EXF  = 1.  (The 
expediting  factor  is  used  in  the  calculation  of  the  probability  of 
backordering,  PC,  but  not  in  the  calculation  of  the  quantity  of 
spares  QS.  Details  and  rationale  are  presented  in  the  "Outputs" 
subsection,  below.) 

In  SITELCC , the  FORTRAN  program  for  the  AFSATCOM  LCC  Model,  the 
user's  control  over  whether  or  not  expediting  is  to  be  employed  is 
exercised  via  the  control  variable  NEXF.  Setting  NEXF=0  causes  EXF 
to  be  calculated  in  the  calling  procedure  for  Subroutine  EBOS  as 


, 


I 


EXF(l.NS) 


. RTSU )«BRCT  -t-  (1-RTSq))»0STg0(NS))]«73Q 
TRANB( IBS(I) ) + RTS(I)*RT(I ) *BMF 

+ ( 1-HTS(I))«TRAND(L0(NS))J 


for  computation  of  PCB(1,NS),  the  probability  of  backordering  for 
LRU  type  1 at  base  NS.  Setting  NEXFil  causes 


EXF( 1 , NS) = 1 . 0, 


the  default  value  for  no  expediting.  Regardless  of  the  control 
NEXF,  the  expediting  factor  EXF=1.0  is  always  input  when  calling 
Subroutine  EBOS  for  computation  of  PCD(I),  the  probability  of 
backordering  LRU  type  I at  the  depot,  since  in  this  case 
"expediting"  would  imply  "expedited  depot  repair",  which  is  not 
modeled . 

Note  that  in  the  numerator  of  EXF(1,NS),  when  NEXF^O,  the 
expression  in  brackets  is  precisely  the  ratio  AB( I , NS)/XFB( I , NS) 
presented  and  explained  above  in  Subsection  2.2.2. 1,  "Load  Factor 
for  Base  Inventory,"  but  without  the  multipliers  KB  or  KD,  since 


NRTS(I)  + COND(I)  = 1 - RTS(I). 


The  multiplier  730  converts  months,  the  units  of  the  numerator,  into 
hours,  the  units  of  the  denominator,  since  the  expediting  factor 
must  be  dimensionless.  An  explanation  of  the  denominator  of 
EXF(I,NS)  follows  somewhat  the  rationale  for  that  of  the  numerator: 
Whether  or  not  the  LRU  type  is  coded  for  base  repair,  the 
transportation  time  TRANB( IBS( I ) ) associated  with  on-base  , del ivery 
of  a replacement  LRU  of  type  I,  from  base  supply  location  IBS(I), 
must  elapse.  For  the  fraction  RTS(I)  expected  to  be  repaired  at  the 
base,  when  base  inventory  is  depleted  the  base  repair  time  RT(I)*BMF 
is  incurred.  For  the  remaining  fraction  ( 1 —RTS ( I ) ) , the  time 
incurred  is  THAND( LO(NS) ) , the  transportation  time  associated  with 
shipment  of  a replacement  LRU  from  the  depot  to  base  NS,  via  an 
expedited  priority,  where  LO(NS)  denotes  base  location  (continental 
U.S.  or  overseas) . 
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.2.3  Development  of  Steady-State  Probabilities 


The  following  discussion  develops  the  steady-state  probability 
distribution  of  the  number  of  LRUs  of  the  specified  type  in  the 
pipeline.  If  the  Sparing  Routine  is  to  establish  inventory  at  a 
specified  base,  then  the  pipeline  includes  both  base  and  depot 
handling,  repair,  and  transportation  times  (weighted  with  their  asso- 
ciated probabilities  of  base  or  depot  action) . If  the  Sparing  Routine 
is  employed  for  calculating  depot  inventory,  then  the  pipeline  is 
comprised  only  of  average  shipping  plus  depot  handling  and  repair 
times.  Steady-state  probabilities  have  the  following  interpretation: 
After  an  initial  transient  behavior  due  to  start-up,  the  steady-state 
probability  p^  is  the  probability  that  there  are  n LRUs  in  the  pipe- 
line either  at  a random  point  in  time  or  at  the  end  of  each  month. 

The  pipeline  is  now  viewed  as  an  infinite-channel  queuing  system, 
where  the  "customers"  are  the  requests  for  replacements  of  failed 
LRUs  (or  are  the  failed  LRUs  themselves  in  cases  when  it  is  not 
possible  to  exchange  new  LRUs  for  failed  LRUs),  the  customers'  inter- 
arrival times  are  the  times  between  failures  of  the  specified  type 
LRU,  and  service  time  is  pipeline  time.  Hence  the  number  of  customers 
in  the  system  is  the  number  of  LRUs  of  the  specified  type  which  are 
simultaneously  undergoing  some  form  of  pipeline  service.  Ihe  infinite- 
channel  assumption,  that  the  number  of  customers  being  served  does  not 
have  a specified  upper  bound,  is  reasonable  in  light  of  the  application 
to  AFSATCQM . 

For  the  case  of  no  expediting,  EXF=1,  the  following  result  is 
well-known  [5]:  If  the  process  of  arrivals  to  an  infinite-channel 
queuing  system  constitute  a Poisson  process  with  rate  \ customers  per 
unit  time  (i.e.,  independent  interarrival  times  with  a common  expo- 
nential distribution,  mean  interarrival  time  1/X)  and  the  service 
times  are  independent  of  the  arrival  process  and  of  the  number  currently 
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being  served,  then  regardless  of  the  probability  distribution  of  the 
service  times,  the  steady-state  probabilities  are  Poisson  with  mean 
AT  where  T is  the  mean  service  time.  Thus 


-XT,,m. n 
e (AT) 


n = 0,  1,  2, 


Note  that  the  product  AT  is  the  load  factor  AS  input  to  the  Sparing 
Routine,  and  is  the  average  number  of  LRUs  in  the  pipeline. 

It  will  be  of  interest  to  note  that  (1)  is  identical  with  the 
following  standard  result  for  birth-death  processes  (or  for  the 
queuing  system  described  above  but  with  exponentially-distributed 
services  times)  [5],  Chapter  3: 


Vi-Vi 


u u • • *u 
m1m2  n 


v £ pn=i 

n=0 


with  arrival  rates 


xo=xi  - 


= A = A 

n-1 


and  service  rate  for  state  n (combination  of  n individual  service 
rates) 


hn=nu,  u=l/T. 


For  the  case  with  expediting,  EXF>1,  Sherbrooke  [6]  has  established 
a general  theorem  from  which  p^  can  be  obtained.  For  the  purpose  of 
this  discussion,  Sherbrooke's  result  may  be  presented  in  the  following 
more  specialized  form:  If  the  process  of  arrivals  to  an 


infinite-channel  queuing  system  constitute  a Poisson  pn  cess  with  rate 


A when  n customers  are  in  the  system,  and  the  service  times  are 


independent  of  the  arrival  process,  with  service  rate  p when  n 


customers  are  in  the  system,  then  regardless  of  the  probability  dis- 
tribution of  the  service  times,  the  steady-state  probability  dis- 


tribution satisfies  (2) 


where  p'  is  the  expedited  service  rate,  and  in  the  FORTRAN  notation 
of  the  Sparing  Routine,  QS  is  the  quantity  of  spares  in  inventory, 
EXF  is  the  expediting  factor.  Thus  the  steady-state  probabilities 
of  (2)  are 

pn  = ^-p0  f°r  n~CS 


for  n>QS  (3) 


n-QS 

(QS) ! (QS  + m (EXF) ) 


We  now  define  what  we  mean  by  expediting,  in  the  notation  of 
(2).  We  assume  that  expediting  occurs  only  when  there  are  backorders, 
i.e.,  when  inventory  is  depleted  and  subsequent  failures  place 
AFSATCOM  terminals  into  NORS  condition.  For  each  customer  which 
arrives  while  inventory  is  depleted,  we  divide  that  customer's  service 
time  by  EXF,  the  expediting  factor.  This  is  equivalent  to  multiplying 
that  customer's  service  rate  by  EXF,  so  that 


p^  = np  = n/T  for  n < QS 


p = (QS) p + (QS-n)p' 
n 

= (QS) /T  + (QS-n) (EXF) /T  for  n > QS 


with 


1 - L P_ 


n=l 


The  above  equation  (3)  represents  the  case  where  expediting  is 
put  only  to  failed  LRUs  for  which  an  AFSATCOM  terminal  has  been  placed 
in  NORS  condition.  The  logistics  support  system  for  AFSATCOM  is 
expected  to  operate  in  this  manner;  replacements  ordered  from  depot 
inventory  as  back-up  to  base  inventory  will  be  shipped  at  routine 
priority,  whereas  replacements  ordered  to  return  a NORS  terminal  to 
operational  condition  will  be  delivered  to  the  base  on  a higher 
priority  (usually  via  airlift) . In  this  regard,  it  should  be  noted 
that  the  form  of  expediting  employed  in  [bj  was  to  speed  up  all 
service  in  progress  on  items  in  the  pipeline,  whenever  a NORS 
(backorder)  condition  exists.  Such  interpretation  of  expediting 
results  in  the  following  modification  of  (3): 


(IT) 


n (gs) 1 (EXF) n 


for  n>QS 


(4) 


The  Sparing  Routine  can  be  modified  so  as  to  represent  the  expediting 
mode  of  (4)  rattier  than  that  of  (3).  However,  in  any  logistics  system 
for  which  immediate  resupply  is  by  depot  inventory  rather  than  by 
depot  repair  and  return,  with  the  depot  serving  more  than  one  base, 
it  is  doubtful  that  delivery  of  all  items  requested  earlier  by  a 
given  base  can  be  expedited  beginning  at  that  later  point  in  time 
when  the  base  experiences  its  first  backorder. 


The  use  of  (2)  with  X 


0 


X = •••  (arrival  rate  of  customers 


independent  of  number  in  pipeline)  represents  the  assumption  of  an 
infinite  population.  Sherbrooke  [b]  notes  that  the  infinite  population 
assumption  is  appropriate  for  an  aircraft  application  because  the 

‘>2 


programmed  flying  hours  are  allocated  to  the  operational  aircraft 

regardless  of  the  number  of  NO Kb  aircraft  (within  limits,  of  course). 

by  contrast.,  in  a missile  application  with  a finite  population  of  N 

alert  missiles,  it  would  probably  be  appropriate  to  sot  A (N-m)A 

m 

tor  0<  m<  N,  and  V 0 otherwise  [hi. 
m 

The  Sparing  Routine  employs  the  infinite  population  assumption 
in  calculation  ot  steady-state  probabilities.  As  applied  to  the 
APS ATT OM  system,  tit  is  is  an  assumption  that  LRU  failure  rates  are 
independent  of  the  number  of  LRUs  in  the  pipeline,  including  in 
particular  the  assumption  that  LRU  failure  rates  do  not  decrease  as 
the  number  of  AKSATCOM  terminals  in  Notts  condition  increases.  Tit  is 
assumption  has  two  justifications:  First,  on  bases  which  utilize 
a large  number  ot  airborne  AKSATCOM  terminals  of  a single  kind,  tin- 
mission  objectives  are  allocated  to  the  operational  terminals  re- 
gardless of  the  number  of  NORS  terminals  (within  limits,  of  course). 
Second,  each  terminal  has  a "prime mission"  objective  which  can  be 
performed  will:  less  titan  full  operational  capability.  Hence  the  loss 
of  an  LRU  from  a terminal  need  not  result  in  that  terminal  being  shut 
down.  (In  this  regard,  it  should  be  noted  that  "prime  mission"  cap- 
ability is  protected  by  a degree  of  redundancy  in  the  functions  of 
LRUs  within  term i na la . ) 

In  general,  it  is  to  be  noted  that  the  accuracy  of  an  infinite 
population  approximation  improves  as  the  upper  limit  on  expected 
number  of  backorders,  AX,  decreases.  This  is  so  because  a decrease 
in  backorders  (with  its  associated  increase  in  base  inventory)  yields 
a decrease  in  the  rate  at  which  NORS  terminals  occur;  the  case  of  no 
NORS  terminals  corresponds  (in  LRU  failure  rate)  to  the  case  of 
infinite  population. 
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I 
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2 . 2 . 4 Outputs 

The  outputs  calculated  by  the  Sparing  Routine  are  QS , the  quantity 
»t  spares  to  be  acquired  for  initial  inventory,  EBO,  ttio  expected 
numbet  ot  backorders  which  result  when  the  system  is  in  steady-state, 
and  IV,  the  steady-state  probability  of  backordering,  i.e.,  of  needing 
■’lie  oi  more  spares  for  replacement  after  inventory  has  been  depleted, 
t Hence,  for  a given  LRU  type  1 at  a given  base  NS,  PC  is  the  probability 
ot  at  least  one  NORM  terminal  at  that  base,  awaiting  arrival  of  that 
Utn  type.)  The  method  of  computing  each  of  these  outputs  is  discussed 
be  low . 


Since  the  Sparing  Routine  is  programmed  to  be  the  same  for  both 
base  and  depot  sparing,  the  interpretation  of  outputs  is  a function 
ot  the  use  of  this  routine  as  established  by  its  calling  procedure. 
Thus  v'b’i  quantity  of  spares  to  be  acquired,  may  pass  to  the  LCC 
Routine,  tost  Element  2,  as  either  base  sparing  or  depot  sparing. 
Similarly,  PC  may  pass  to  the  Availability  Routine  (Section  2.3 
below)  as  the  probability  of  LRU  type  I inventory  being  depleted  at 
a base  or  at  the  depot.  (See  Exhibit  4.) 

2.2.4. 1 Quantity  of  Spares  to  be  Acquired:  If  the  load  factor, 

-5 

AS,  is  sufficiently  small  (loss  than  5 x 10  ),  the  Routine  returns 

ys  0.  If  the  load  factor  is  sufficiently  large,  then  the  Routine 
returns  ys  equal  to  the  mean  plus  ^3  times  the  standard  deviation  of 
the  number  of  items  in  the  pipeline.  Since  the  standard  deviation 
of  a Poisson  distribution  is  the  square  root  of  its  mean,  this 
procedure  is  in  accordance  with  published  USAF  methods  [7]. 

Eor  AS  between  the  sufficiently  small  and  sufficiently  large 
thresholds  given  above,  an  iterative  procedure  is  used  such  that  ys 
is  the  smallest  number  satisfying  the  condition  that 
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(V 

Y.  (n-QS)p  < AX,  ( 5) 

n-QS  11 

where  p is  tin1  steady-state  probability  of  n items  in  the  pipeline, 
using  \T  AS.  (Note  that  the  summation  expression  of  (b)  , which  is 
upper -bounded  by  AX,  it;  the  expected  number  of  backorders  for 
acquit ed  inventory  QS.) 

Tlie  iteration  procedure  it;  to  increase  QS  by  one  if  the  above 
condition  C>)  is  not  yet  met.  Computation  time  it;  saved  by  recognising 
that  QS  must  increase  to  at  least  Ab-AX,  since 

vjo  a» 

AX  > V (n-QS)  p > V (n-QS)  p 

n ~ n 

n-QS  n-0 

« AS  - QS. 


Tliua 

QS  AS  — AX  ■ 

In  addit  ion,  QS  is  restricted  to  be  at  least  one  if  the  mean  pipeline 

time  iti  more  than  one  percent  of  the  mean  inventory  cycle  time  (mean  i 

time  between  demands  (arrivals)  plus  moan  pipeline  time),  i.o.,  if 

-X hi *L_>  .0l 

1 +T  1 + XT  1 + AS 

As  a protection  against  erroneous  inputs,  the  Sparing  Routine 
terminates  the  procedure  at  QS-300  for  inputs  requiring  an  output  of 
QS  > 300 . 
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-.-’.*1.2  Expected  Number  of  Backorders:  The  Sparing  Routine 
calculates  130  based  u[>on  the  steady-state  probability  distribution 
which  would  result  in  the  absence  of  expediting, 

cx> 

KBO  =•  V (n-QS)p 

n 

n ■ QS+1 

using  the  p of  the  non-expedited  mode  whether  or  not  EXF > 1 . The 
n 

rationale  foi  using  | ut  the  non-expedited  mode  is  as  follows:  For 

n 

a given  input  AS,  the  probability  distribution  p favors  lower  numbers 
of  items  in  pipeline  undet  the  expedited  mode  (EXF  > 1)  than  under 
the  non-expedited  mode  (FXF-l).  As  such,  EBO  calculated  via  the 
probability  listribution  of  the  expedited  mode  would  be  less  than 
KBO  calculated  via  the  probability  distribution  of  the  non-expedited 
mode,  so  that  for  the  same  input  AX,  a smaller  would  result  from 
tin*  use  of  expediting.  If  this  smaller  (?S  were  output,  it  would 
reflect  a belief  that  expediting  is  the  norm  rather  than  the  exception, 

which  would  not  be  consistent  with  the  objectives  of  the  support 

* 

systems  for  large-scale  systems  such  as  AFSATCOM. 

2.2.4. 1 Probability  of  Backorder  mg : The  output  PC  is  the  sum 
of  the  steady-state  probabilities 

re  - v p 

n = i^S+l  " 

where  the  p incorporates  expediting  if  EXF  > 1.  As  such,  PC  is  the 
steady-state  probability  of  needing  one  or  more  spares  for  replacement 
after  inventory  has  been  depleted.  Equivalently,  TO  is  the  probability 
of  at  least  one  NORS  terminal  at  a random  point  in  time  or  at  the  end 

of  each  month,  for  the  given  LRU  type  and  base  or  depot. 

* 

The  additional  cost  of  expediting  an  LRU  to  the  site  of  a NORS 
AFSATCOM  terminal,  via  a higher  priority,  is  not  included  in  life 
cycle  cost  as  computed  by  this  model. 
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2 . 3 The  Av a i 1 ab 111 tv  Kout ine 

The  AFSATCOM  LCC  Model  includes  an  Availability  Routine  which 
calculates  and  displays  the  availability,  mean  down  time  (MPT),  and 
mean  time  between  demands  (MTBD)  ol'  each  terminal  operating  at  each 
base  in  the  AFSATCOM  system.  A discussion  of  the  display  of  this 
information  is  included  in  Appendix  A.  (Formal  definitions  of  MPT 
and  MTbD  will  be  found  in  the  Glossary.  The  Availability  Routine 
will  be  abbreviated  AVAIL  for  references  in  the  Glossary.) 

Terminal  availability  is  expressed  as  a ratio  of  terminal  MTBP 
to  terminal  regeneration  cycle  time  (MTBD  plus  MDT).  The 
calculations  for  terminal  MTBD  account  for  terminal  utilization  by 
base  as  well  as  by  terminal  type.  The  MTBD  and  MPT  values  are 
calculated  based  upon  predicted  LRU  failure  rates  by  LRU  type  and 
operating  environment  (ground  fixed,  ground  transportable,  or 
airborne)  of  the  given  terminal  containing  the  LRU. 

Terminal  MDT  is  a probability-weighted  average  over  the  time  to 
isolate,  remove,  and  replace  a failed  LRU,  assuming  all  possible 
inventory  conditions  and  locations.  The  calculations  account  for 
the  LRU  repair-level  designation  (base  repair,  depot  repair,  or 
discard),  sparing  level  (set  to  meet  expected  backorder 
requirements) , and  the  time  to  obtain  spares  from  the  next  higher 
maintenance  level  (assuming  expedited  handling)  if  base  inventory  is 
depleted . 

2.3*1  Term Inal  Avail abll 1 tv 

From  the  modest  assumption  that  (i)  the  successive  up-times  of  a 
given  terminal  of  type  K at  base  NS  are  independent  and  have  a 
common  probability  distribution  with  mean  time  between  demands 
MTDDT(K,NS),  (ii)  the  succesive  down-times  of  a given  terminal  of 
type  K at  base  NS  are  independent  and  have  a common  probability 
distribution  with  mean  down-time  MDT(K,NS),  and  (iii)  the  up-times 
are  independent  of  the  down-times,  it  can  be  shown  (see  Reference 
[8],  pp.  H2-U1!)  that  the  limiting  probability  (after  start-up 
transient  behavior  has  disappeared)  of  the  given  terminal  being  up 
is  the  ratio  of  MTBDT(K.NS)  to  the  sum  MTBDT(K.NS)  + MDT(K.NS). 

In  the  Availability  Routine  of  the  AFSATCOM  LCC  Model,  it  is  this 
limiting  probability  which  is  taken  as  the  "availability"  AV(K,NS) 
for  the  given  terminal  of  type  K at  base  NS: 


AV( K , NS)  = MTBDT(K.NS) 

MTBDT(K.NS)  + MDT(K,NS)  if  IKK, NS)  > 0 

= 0 if  IKK, NS)  = 0. 


The  remainder  of  the  discussion  now  focuses  on  the  method  and 
underlying  assumptions  for  calculation  of  MTBDT(K.NS)  and  MDT(K.NS). 

Note  that  in  this  discussion  there  will  be  no  consideration  of 
the  actual  number  of  terminals  of  type  K at  base  NS,  IT(K,NS),  other 
than  its  role  in  the  above  equation  for  availability,  i.e.,  that 
AV(K,NS)=0  if  IT(K,NS)=0  (with  similar  roles  in  the  equations  for 
mean  time  between  demands  and  mean  down  time,  to  be  presented 
below).  As  such,  AV(K,NS)  is  the  availability  of  a given  terminal 
of  type  K at  base  NS,  not  the  availability  of  a generic  terminal 
type  K at  base  NS. 

2.3-2  Mean  Time  Between  Demands 

The  mean  time  between  demands,  MTBD,  of  a given  terminal  of  typo 
K at  base  NS  is  developed  via  the  mean  time  between  failures,  MTBF, 
for  a given  representative  of  that  terminal  type.  This  MTBF  is 
calculated  as  a sum  of  the  failure  rates  of  the  individual  LRUs  in 
the  terminal: 

MTBFT(K)  = ] 

E QPA( I , K) *MFAC( LE(K ) ) /M0TBMA( I , LE(K ) ) 

I 

where  QPA(I,K)  is  the  number  of  LRUs  of  type  I in  terminal  type  K, 
and  with  the  remaining  variables  allowing  that  both  predicted  and 
operational  mean  operating  time  between  maintenance  actions  are 
functions  of  the  environment  LK(K)  of  terminal  type  K (i.e.,  ground 
fixed,  ground  transportable,  or  airborne)  as  well  as  being  functions 
of  I,  the  LRU  type.  (See  the  Glossary  for  the  full  definitions  of 
the  variables  involved.) 

Mean  time  between  demands  differs  from  mean  time  between 
failures  in  that  MTBD  is  a measure  of  elapsed  calendar  time, 
including  times  during  which  the  equipment  is  not  operating,  if  any, 
whereas  MTBF  is  a measure  of  actual  equipment  operating  time  only. 
Thus  the  MTBD  of  a terminal  of  type  K at  base  NS  is  obtained  from 
MTBFT(K)  as  follows: 
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MTBDT(K.NS)  = MTBFT ( K ) *7  30/ ATOH ( K , NS) 


1T( K , NS)  > 0 


if 

= 0 if  IKK, NS)  = 0. 

Effectively,  this  divides  MTbFT(K)  by  the  terminal  utilization  ratio 
AT0H(K , NS)/730.  Since  ATUH(K.NS)  is  t lie  average  total  operating 
hours  per  month  of  a terminal  of  type  K at  base  NS,  and  there  are 
730  possible  hours  per  month  during  which  a terminal  can  operate, 
ATOH(K,NS)/730  is  the  fraction  of  calendar  time  that  the  terminal  is 
utilized.  (Indeed,  certain  AFSATCOM  terminals  of  type  K in  ground 
fixed  environment  LE(K)=1  operate  continuously,  hence  the  data  input 
for  such  ground  fixed  terminals  is  ATOH (K, NS) =730,  for  a utilization 
ratio  of  1.0.) 

A fully  rigorous  justification  of  the  above  expression  for 
MTBFT(K)  requires  two  furtuer  assumptions:  First,  that  the 
operating  times  of  all  LRUs  within  a terminal  accrue  at  the  same 
rate  as  the  operating  time  of  the  terminal  itself,  and  second,  that 
the  LRUs  within  a terminal  play  a series  role,  i.e.,  that  failure  of 
any  one  LRU  in  the  terminal  causes  failure  of  the  terminal.  For  a 
terminal  considered  as  a series  system  of  its  component  LRUs,  we 
note  here  an  application  of  a recent  result  in  reliability  theory 
(Reference  [9]):  For  a series  system's  mean  time  between  failures 
to  be  a reciprocal  of  a sum  of  reciprocal  mean  times  between 
failures  of  its  component  LRUs,  it  is  not  necessary  to  make  any 
further  assumptions  on  LRU  up-times  and  down-times  than  the  modest 
assumption  as  presented  above  for  terminal  availability. 

The  above  assumptions  constitute  a simplification  of  the  real 
system.  In  actual  AFSATCOM  usage,  each  terminal  has  a "prime 
mission"  objective  which  can  be  performed  with  less  than  full 
operational  capability,  and  this  "prime  mission"  capability  is 
protected  by  a degree  of  LRU  redundancy,  i.e.,  when  pursuing  such  an 
objective  the  loss  of  an  LRU  need  not  result  in  that  terminal  being 
shut  down.  Hence  the  "prime  mission"  availability  will  be  higher 
than  that  computed  by  the  Availability  Routine  of  the  AFSATC0M  LCC 
Mode 1 . 

■1  • 3 • 3 Mean  Down  Time 

The  mean  down  time  MDT(K,NS)  for  a particular  terminal  of  type  K 
at  base  NS  is  the  average  time  over  all  LRU  repair-replacement 
outcomes,  given  a failure  of  an  LRU  of  type  I in  terminal  type  K at 
base  NS,  weighted  and  averaged  by  the  respective  probabilities  of 


failure  of  the  LRU  types  in  the  given  terminal  type.  Thus  the 
equation  for  MDT(K,NS)  is 

MDT(K.NS)  = Y.  MDTLRU(I,K,NS) 

I 

•QPA ( I , K) *MTBFT( K ) »MFAC( LE( K ) ) /MOTBMA ( I , LE(K ) ) 

if  IKK, NS)  > 0 

= 0 if  IKK, NS)  = 0 


where  MDTLRU( I , K, NS)  represents  an  expression  to  compute  the  mean 
down  time  for  a particular  terminal  of  type  K at  base  NS,  given  a 
failure  of  an  LRU  of  type  I in  that  terminal.  This  expression  is 

MDTLRU( I , K , NS)  = RMH(I)  + MCOTT(K)  + TRANB( IBS( I ) ) 

+ PCB( I , NS) *TRANS( I , NS) . 


The  first  three  terras  of  this  expression  are  respectively  the 
average  remove  and  replace  time  for  the  LRU,  the  mean  checkout  time 
for  the  terminal,  and  the  transportation  time  for  on-base  delivery 
of  a replacement  LRU  from  the  base  supply  point.  Thus  these  three 
terms  account  for  time  spent  at  the  terminal  and  on  the  base 
exclusive  of  repair  time,  given  that  an  LRU  of  type  I has  failed. 
The  fourth  term,  PCB( I , NS)*TRANS( I , NS) , is  the  average  remaining 
time  spent  over  all  repair-replacement  outcomes  given  the  LRU 
failure,  where  TRANS(I.NS)  is  the  mean  replacement  time  given  that 
inventory  of  LRU  type  I is  depleted  at  base  NS: 


TRANS(I.NS)  = RTS(I)*RT(I)*BMF 

+ NRTS( I) *PCD( I )*RT( I )*DMF 
♦ (NRTS(l)  ♦ C0ND( I ) )#TRAND( L0( NS ) ) . 


The  derivation  of  the  expression  for  MDTLRU( I , K , NS) , including  a 
detailed  derivation  of  TRANS(I,NS),  is  presented  in  Appendix  C. 
riefinitions  of  all  FORTRAN  variables  will  be  found  in  the  Glossary, 
along  with  identification  of  the  responsible  authority  or  source  of 
numerical  data  for  input  variables. 
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The  above  expressions  for  MDTLRIH I , K, NS)  and  TRANS(I.NS)  employ 
two  probabilities  evaluated  by  the  Expected  Backorder  Sparing 
Routine  (EBOS)  as  output  variable  PC  (refer  to  Exhibit  4):  For  LRU 
type  I,  PCB(1,NS)  is  the  probability  that  inventory  is  depleted  at 
base  NS,  and  PCD(I)  is  the  probability  that  inventory  is  depleted  at 
the  depot.  (See  Glossary  for  more  complete  definitions.) 

The  remaining  factors  of  the  MDT(K,NS)  equation  above, 


QPA( I , K ) *MTBFT( K ) *MFAC( LE(K ) ) /MOTBMA( I , LE( K ) ) , 


constitute  the  probability  of  failure  of  LRU  type  1 in  terminal  type 
K.  To  see  this,  rewrite  the  above  as 


[ QPA( I , K) #MFAC( LE(K ) )/MOTBMA( I , LE(K ) ) ] / [ 1/MTBFT(K) J 


which  is  merely  a ratio  of  LRU  type  I failure  rate  (per  operating 
hour  in  terminal  type  K)  to  the  failure  rate  of  terminal  type  K (per 
operating  hour).  Recall  our  assumption  that  the  operating  times  of 
all  LRUs  within  a terminal  accrue  at  the  same  rate  as  the  operating 
time  of  the  terminal  itself.  Finally,  the  defining  expression  for 
MTBFT(K),  presented  at  the  beginning  of  this  subsection,  Justifies 
that 


D [QPA(I,K)«MFAC(LE(K))/MOTBMA(I,LE(K))]  / [ 1/MTBFT(K ) ] = 1 
1 


as  should  be  the  case  for  probabilities  on  I with  a given  K. 


SECTION  3 


THE  AFSATCOM  LCC  MODEL  WITH  "CENTRALIZED"  MAINTENANCE  POSTURE 


The  AFSATCOM  LCC  Model  Is  capable  of  operation  according  t.o 
either  of  two  maintenance  postures:  "non-centrallzed"  maintenance 
or  "centralized"  maintenance.  Both  maintenance  postures,  and 
associated  terminology,  were  presented  In  Sections  1 and  2.  The 
remainder  of  Section  2 documented  the  AFSATCOM  LCC  Model  under  the 
"non-centrallzed"  maintenance  posture.  In  this  section  only  the 
changes  which  convert  the  model  from  "non-centrallzed"  to 
"centralized"  maintenance  posture  will  be  discussed. 

3.0.1  Subroutine  CONSO 

Subroutine  CONSO  is  the  vehicle  by  which  the  "central ized" 
maintenance  posture  is  Implemented.  Maintenance  posture  is  governed 
by  the  user's  control  variable  CON.  Setting  CON=0  causes  the  model 
to  run  in  "non-centrallzed"  maintenance  posture.  Setting  CO N=1 
causes  Subroutine  CONSO  to  be  called,  and  the  model  to  run  in 
"centralized"  maintenance  posture.  For  the  remainder  of  the 
discussion,  it  is  assumed  that  the  user  has  set  C0N=  1 . Subroutine 
CONSO  performs  the  following  sequence  of  events:  First,  a FORTRAN 
logical  variable  is  set,  and  a configuration  of  the  bases  into 
stand-alone  bases  (i.e.,  bases  not  assigned  to  any  group), 
groupings,  and  "centralized  intermediate  maintenance  facilities"  or 
CIMFs,  as  determined  by  the  user,  is  received  as  input.  The  FORTRAN 
variable  through  which  the  user  inputs  a desired  configuration  is 
the  vector  CONSOL(NS)  for  bases  sequenced  as  NS;  this  vector  is 
discussed  below  and  in  the  Glossary.  The  subroutine  provides  as 
output  a pointer  ICS(NS)  for  base  Indices  NS  to  identify  the 
groupings,  and  an  indicator  (zero  or  one)  function  CIMF(NS)  to 
identify  those  bases  at  which  repair  facilities  are  located. 

To  simplify  the  presentation,  the  logical  variable  and  the 
pointer  will  not  be  discussed  in  detail;  it  will  be  understood  in 
all  of  the  following  discussions  that  "centralized"  maintenance 
posture  prevails,  and  that  the  stand-alone  bases,  the  groupings,  and 
the  CIMFs  are  Identified  as  a function  of  their  indices  NS. 

Many  base-specific  variables  are  read  as  input  into  data  files, 
or  computed  Internally  and  stored  in  data  files,  via  an  Indexing 
procedure  which  is  independent  of  whether  "non-centrallzed"  or 
"centralized"  maintenance  posture  is  employed.  As  a result,  certain 
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variables  which  appear  In  this  document  as  functions  of  Index  NS 
actually  appear  In  the  FORTHAN  program  as  functions  of  the  pointer 
ICSINS),  e.g..  Input  variables  ATOH(K,NS)  and  PS(LO(NS)),  and  the 
Internally  computed  FAILll,K,NS)  are  actually  programmed  as 
AKXMK'MI),  F8(UKHS1))t  and  FAIL(  1 ,K,NS1 ) where  NSUNS  for  "non- 
centralized"  «a  t n t er.ance  posture,  H8t«2CS(IIS)  for  "centralized" 
maintenance  p> st ure  Identifying  NS1  with  NS  for  the  purpose  of 
‘.mi.  trying  t ht  presentation  would  technically  represent  the 
' rtaltous  ase  wt,<  >-et>y  the  data  files  are  sequenced  by  base  exactly 
i.  t tie  sidrid-.ii  nt  and  grouping  conf igurat. ton  vector  CCNSGLINS) 
sequences  the  bases. 

A sample  Input  configuration  is  shown  in  Exhibit  5,  along  with 
the  corresponding  Input,  vector  CONSOLINS)  which  produces  It,  and  the 
Subroutine  CONSO  outputs  ICSINS)  and  CIMF(NS).  Note  that  the  bases 
are  coded  as  two-character  alphanumeric  symbols  delimited  by  3 
double-zero  symbol.  The  first  such  string  Identifies  the  stand- 
alone bases.  Each  successive  string  Identifies  a grouping  of  bases, 
t tie  last  of  which  Is  the  C1ME  for  that  grouping.  To  emphasize  that 
t he  choice  of  indices  NS  is  independent  of  the  configuration,  a 
randomized  sequence  is  shown. 

Th<  indicator  function  CIMf-iNS)  is  defined  and  used  only  with 
tr.i  ontrailzed  maintenance  posture.  Interpretation  is  as  follows: 


CIMFlNS)  i 1 if  base  NS  is  either  a 

stand-alone  base  or  the  C1MF 
for  a group  of  bases 

i 0 If  base  NS  is  part  of  a group 
of  bases  but.  not  the  C1MF 
for  that  group. 


By  the  above  definition  of  CIMFlNS),  a stand-alone  base  is 
technically  a CIMF  base,  servicing  only  itself.  From  the  standpoint 
of  repair  activity,  C1MF(NS)=1  denotes  repair  activity  at  base  NS, 
whereas  CIMF(NS)=0  signifies  that  base  NS  sends  equipment,  to  a CIMF 
elsewhere . 


b3 


L_ 


I 


i 

' 


(b)  The  Desired  Configuration  for  Centralized  Maintenance  Posture, 

Double-Circles  Denoting  Bases  with  Repair  Facilities. 

CONSOL(NS)  = 'AB ','CD \'EF ','GH  V00  VIJ  VKL' , 

' MN  V 00  VOP  VQR  VST  VUV  V WX  V 00 ' 

(c)  The  Corresponding  Input  Vector  CONSOL(NS)  to  Subroutine  CONSO, 


to 

Achieve  the 

Desired  1 

Configuration 

• 

Base 

AB 

CD 

EF  OH 

IJ 

KL 

MN 

OP 

QR 

ST 

uv 

WX 

NS 

1 

2 

3 * 

5 

6 

7 

8 

9 

10 

1 1 

12 

ICS(NS) 

6 

1 1 

1 12 

10 

2 

9 

8 

5 

7 

3 

4 

CIMF(NS) 

1 

1 

1 1 

0 

0 

1 

0 

0 

0 

0 

1 

(d)  The  Bases  as  Sequenced  by  Input  Vector  CONSOL(NS),  with 
Subroutine  CONSO  Outputs  ICS(NS)  and  CIMF(NS). 


Exhibit  5.  A Sample  Configuration  of  Twelve  Bases  for  Centralized 

Maintenance  Posture,  with  the  Corresponding  Subroutine  CONSO 
Inputs  and  Outputs. 
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Sets  of  Bases  (Notation) 

To  facilitate  the  documentation  of  the  AFSATCOM  LCC  Model  under  centralized 
maintenance  posture,  the  following  sets  are  defined: 

Y = (NS:  CIMF(NS)  = 1}, 

i.e.,  Y is  the  set  of  bases  NS  which  have  repair  facilities;  for  each 
such  base  NS  which  serves  as  a CIMF  to  bases  ns'  without  repair  facilities, 


7. ( NS)  = Ins':  CIMF(ns')  = 0 and 

base  ns'  is  serviced 
by  CIMF  base  NS} , 


! 

1 

I 


I 


i.e.,  Z(NS)  is  the  set  of  bases  serviced  by  a given  CIMF  base  NS 
(excluding  base  NS  itself). 

Summation  notation  such  as 


£ f ( NS) , £ f(ns') 

NSC  Y ns'C  Z(NS) 


will  imply  the  following  operations:  The  summation  on  ns'C  Z(NS)  is 
taken  over  all  bases  ns'  which  are  serviced  by  a given  CIMF  base  NS 
(excluding  base  NS  itself),  with  the  proviso  that  this  summation  is 
zero  if  base  NS  is  a stand-alone  base,  i.e.,  a CIMF  servicing  only 
itself;  the  summation  on  NS c Y is  taken  over  all  bases  NS  which  have 
repair  facilities. 

3.O.3  Composite  Failure  Rate  of  Shipments  to  CIMF 

The  following  summation  appears  frequently  in  the  sequel  and 
will  be  designated  as  F AILC( I , K, NS) : 

| 

FAILC( I , K, NS)  = £ FAIL( I , K ,ns ' ) , 

ns'C  Z(NS) 


L 
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with  the  proviso  that  this  summation  is  zero  if  base  NS  is  a stand- 
alone base,  i.e.,  a CIMF  servicing  only  itself.  Here  FAIL( I ,K,ns ' ) 
is  as  in  Section  2.1  for  non-central ized  maintenance  posture, 
namely,  the  expected  number  of  removals  per  month  of  LRU  type  I in 
terminal  type  K at  base  ns'.  Thus  FAILC( I , K , NS)  denotes  the 
composite  expected  number  of  removals  per  month  of  LRU  type  I in 
terminal  type  K among  shipments  from  bases  ns'  without  repair 
facilities,  to  a given  CIMF  base  NS. 

3-  1 The  LCC  Cost.  Element  Equations 

Differences  between  documentation  for  "non-central ized" 
maintenance  posture  and  documentation  for  "centralized"  maintenance 
posture  occur  in  only  seven  of  the  eleven  cost  elements,  namely  in 
Cost  Elements  2,  4,  5,  and  7 through  10.  These  differences  are 
listed  below. 

It,  is  important  to  note  that  by  programming  the  AFSATCOM  LCC 
Model  to  perform  summations  over  the  sets  of  bases  {NS  € Y|  and 
{ns'  £ Z(NS)}  instead  of  over  all  bases  NS,  model  runs  may  be 
switched  from  one  maintenance  posture  to  the  other  without  requiring 
revision  of  the  supporting  data  files.  For  example,  the  file  of 
MMTB(NS),  minimum  number  of  men  planned  for  Initial  training  to 
support.  AFSATCOM  at  base  NS,  permitted  to  contain  nonzero  entries 
at  bases  NS  which  under  centralized  maintenance  posture  will  not 
have  repair  facilities.  In  centralized  maintenance  posture,  such 
entries  are  rjat  used  by  the  model,  since  the  bases  involved  lie 
outside  the  set  over  which  the  calculations  are  performed.  (See,  in 
support  of  this  example,  Appendix  A,  Exhibit  7,  Table  I'J:  "Required 
Men  to  Be  Trained."  Note  in  particular  that  for  certain  bases  NS, 
the  input  MMTB(NS)  is  nonzero  but  the  computed  output  NMTINS)  is 
zero . ) 

3.1.1  Cost  Element  2 (Spares  Acquisition) 

The  equation  for  SC(2)  remains  formally  as  in  Section  2.1,  but 
the  input  SB(I,NS)  is  calculated  by  the  Sparing  Routine  as  discussed 
in  Section  3-2  below,  (in  particular,  SB(I,NS)  is  Sparing  Routine 
output  variable  QS  when  Sparing  Routine  input,  variable  AS  is  as 
discussed  in  Subsections  3-2.  1.1  and  3.2.  1.2,  "Load  Factor  for  Base 
Inventory,  Base  Not  a CIMF"  and  "Load  Factor  for  Base  Inventory, 

Base  a CIMF.") 


bb 
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QiiaL  JilemfiOlLJL  ("Qff-EaulPinent"  Repairs) 


For  centralized  maintenance  posture,  the  equation  for  this  coat, 
element  becomes 

SC(4)  = 12* PI  UP* l V V V FAIL(I,K,NS)*HPF(I) 

NS  K I 

♦ £ D V 1 KAIL! I,K,NS)*RTF(I,NS) 

NS  f Y K I 

+ FAiLC( I , K , NS)  *RTFl'(  I , NS)  ] I 


in  which  the  expected  number  of  removals  per  month  FAIL(I,K,NS)  Is 
as  In  Section  2.1  for  non-central ized  maintenance  posture,  and 
FAILC(1,K,NS)  Is  the  composite  expected  number  of  removals  to  CIMFs 
as  discussed  above.  The  expected  costs  per  removal  HPF(I)  and 
RTFII.NS)  are  defined  as  for  non-central ized  maintenance  posture  but 
using  a new  factor  KC  in  place  of  KU, 


HPF(l)  = BLR* RTS ( I )*RT( I )*BMF*KC 

♦ DLR*NRTS( 1 ) *RT( I )*PMF*KD, 


and 

RTF(I.NS)  = PS( L0( NS) )*PWH( L0( NS) )*KC 

* ( ?*NHTS( I ) + COND( I ) ) *WT( I) . 

Associated  with  FA1LC( I ,K,NS)  Is  a new  expected  cost  per  removal, 
RTFC(l.NS)  = PS( L0( NS) ) *PWR( L01 NS) ) *KC*2*WT( I ) . 


The  summation  involving  HPF(l)  includes  all  bases  NS,  whereas 
the  summation  involving  RTF(1,NS)  and  RTFC(l.NS)  concerns  only  the 
bases  NS  at  which  maintenance  facilities  exist.  (Recall  from  above 
that  FA1LCI I , K , NS)  Is  itself  a summation,  for  a given  C1MF  base  NS, 
involving  all  bases  ns'  which  send  equipment  to  the  maintenance 
facility  at  base  NS,  with  the  proviso  that  FAILC( I , K , NS)  is  zero  if 
base  NS  is  a stand-alone  base,  i.e.,  a C1MF  servicing  only  itself.) 
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(2«NRTS(I)  + COND(I) )*WT(I) 


tn  RTF(I.NS)  tallies  twice  the  net  weight  WT(I)  of  LKU  type  1 if  on 
a round  trip  to  depot  for  repair  and  return,  once  the  net  weight  if 
on  a one-way  trip  from  the  depot  to  replace  a condemned  LRU.  In 
RTFC(I,NS)  the  comparable  factor  is  merely  2*WT(I);  in  centralized 
maintenance  posture  all  failed  LRUs  originating  at  a base  which  is 
not  a CIMF  must  be  sent  to  the  appropriate  CIMF  before  the 
appropriate  repair-level  decision  (base  repair,  depot  repair,  or 
condemn)  can  be  Implemented,  hence  a round-trip  tally  is  put  to 
every  such  LRU. 

As  for  non-centrallzed  maintenance  posture,  the  factor  12*P1UP 
is  replaced  by  the  continuously  discounted  sum  DFC(A,B,R)  with  A=0, 
B=12#P1UP,  if  a monthly  Interest  rate  R^O  is  provided. 

In  the  actual  FORTRAN  program,  SITELCC,  for  the  AFSATCOM  LCC 
Model,  the  three-dimensional  entities  FAIL(I,K,NS)  and  FAILC( I , K , NS) 
are  computed  as  scalars  and  summed  at  the  innermost  level  of  a 
three-level  nest  of  DO-loops.  As  discussed  in  Section  2.1,  Cost 
Element  4 , for  non-centrallzed  maintenance  posture,  FAIL(1,K,NS)  is 
summed  into  the  two-dimensional  arrays  XF(  I , K ) and  XF13(I,NS).  In 
addition,  under  centralized  maintenance  posture,  Cost  Element  it 
employs  a third  array: 


XFBN(I.NS)  = £ FAILC(I,K,NS). 
K 


The  physical  lnterpretat. ion  of  XFBN(I,NS)  is  the  composite  expected 
number  of  removals  (failures)  of  LRU  type  I among  shipments  from 
bases  without  repair  facilities  to  a given  CIMF  base  NS. 


3-1-3 


Tills  cost  element  undergoes  two  differences  when  employing 
centralized  maintenance  posture  instead  of  non-central ized 
maintenance  posture.  The  first,  is  a formal  change  in  the  equation 
for  SC(b),  using  KC  in  place  of  KB: 
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SC(  5)  = 12*  FI  LIP  Z ZZ  FAIL(1,K,NS)*[C0ND(1)*UC(I) 

NS  K I 

+ ( RTS( I ) *KC  + NRTS( I)*KD)*ASEC( I) J . 


The  second  difference  Is  In  the  computed  value  of  ASEC(I)  via  Inputs 
RTS(J),  NRTS(J),  COND(J),  and  CPFB(J),  CPFD(J),  CPFS(J),  where  J 
Identifies  SRU  type;  these  six  Inputs  are  outputs  of  an  ORLA  Routine 
[j]  run  at  the  SRU  level  and  may  vary  with  maintenance  posture.  In 
particular,  the  latter  three  Inputs,  CPFB(J),  CPFD(J),  and  CPFS(J), 
are  computed  by  the  SITEORLA  Routine  which  itself  has  provision  for 
both  non-central ized  and  centralized  maintenance  posture. 

3 . 1 . i)  Cost  Element  7 (Support  Eoulpmentl 

The  equation  for  SC ( 7 ) remains  formally  as  in  Section  2.1;  the 
sole  difference  for  centralized  maintenance  posture  occurs  in  the 
formula  for  ERHB( I , K , NS) , the  expected  number  of  repair  hours  per 
month  that  LRUs  of  type  I operating  in  terminals  of  type  K will 
require  at  a repair  shop  at  base  NS: 


EKHB( I , K , NS)  = fFAlL(I,K,NS)  + FAIL C(1,K,NS)] 

*RTS( I ) *RT( I ) *BMF*KC 

if  CIMF(NS)  = 1 


ERHB( I , K , NS)  = 0 


if  CIMF( NS)  s 0. 


Thus  no  SE  is  purchased  for  a base  unless  a maintenance  facility 
exists  there,  and  in  the  computation  of  the  number  of  SE  items  to  be 
purchased  for  a CIMF  base  NS,  the  bases  ns'  which  send  equipment  to 
that,  maintenance  facility  are  Included. 


Note : F or  purposes  of  comparison  between  use  of  base  repair 
personnel  and  use  of  organizational-level  personnel  for  AFSATCOM,  by 


LRU  type  and  base,  the  following  computation  is  performed  and  summed 
over  terminal  types  K for  bases  NS  without  repair  shops: 


ERMH(1 , K , NS)  = FA1L( I , K , NS) *RMH( 1 ) *BMF 

if  CIMF(NS)  = 0, 


where  EHMH(I,K,NS)  here  denotes  the  expected  number  of  hours  of 
organizational-level  labor,  per  month,  required  to  remove  and 
replace  LRUs  of  type  I operating  in  terminals  of  type  K at  base  NS. 
The  AFSATCOM  LCC  Model  output  reports  present  these  data  in  place  of 
the  zero-valued  ERHB(I,K,NS)  when  base  NS  does  not  have  a repair 
shop.  (See  Appendix  A,  discussion  of  Table  11.) 

3.1.5  Cost  Element  8 (Initial  Training) 

The  equation  for  SC(8)  remains  as  in  Section  2.1;  the  sole 
differences  for  centralized  maintenance  posture  occur  in  the  formula 
for  ERPSB(NS),  the  expected  repair  time  required  in  man-hours/month 
at  base  NS,  and  in  the  computation  of  NMT(NS) , the  number  of  men 
trained  for  base  level  maintenance  work  at  base  NS: 


ERPSB(NS)  = L'  £ [FAIL(I,K,NS)  + FAILC( I , K, NS) ] 

K 1 

•(RTS(I)«RT(I)*BMF*KC  + RMH(I)) 
if  CTMF(NS)  = 1 


ERPSB(NS)  =0  if  CIMF(NS)  = 0, 


and 


NMT(NS)  = Max  { MMTB(NS),  [NPERB(NS)]  1 if  CIMF(NS)  = 1 
=0  if  CIMF(NS)  = 0 


where  [...]  denotes  rounding  up  to  the  next  higher  integer. 


•v*' 


Thus  in  the  computations  of  ERPSB(NS),  NPERB(NS),  NMT(NS) , and 
NMTB,  the  bases  ns'  which  send  equipment  to  a given  CIMF  base  NS  are 
included  with  that  CIMF.  (Recall  from  above  the  defining  summation 
for  FA1LC( 1 , K , NS) . ) 

3.1.6  Cost  Element  9 LBecurrjng.  Training) 

There  is  formally  no  change  in  the  equation  for  SC(9)  as  given 
in  Section  2.1;  however,  the  value  used  for  NMT(NS)  is  that  computed 
for  Cost  Element  8,  above,  for  centralized  maintenance  posture. 

3.1.7  Co3t  Element  10  (New  Item  Inventory  Management) 

The  equation  for  SC( 10)  remains  formally  as  in  Section  '2.1;  the 
sole  difference  for  centralized  maintenance  posture  involves  use  of 
the  function  CIMF(NS)  in  the  computation  of  NCIS(I): 

NCIS(I)  = V (J(  £ QPA(X,K)*IT(K,NS)»RTS(I)) 

NS  f Y K 

where  Y is  the  set  of  bases  NS  for  which  CIMF(NS)=1. 

3.2  The  Sparing  Routine 

The  Expected  Backorder  Sparing  Routine,  EBOS,  is  independent  of 
whether  sparing  is  computed  for  base  or  depot  Inventories,  and 
independent  of  whether  maintenance  posture  is  "non-central ized"  or 
"centralized."  These  concerns  affect  the  use  of  the  Sparing 
Routine,  but  do  not  affect  the  Sparing  Routine  itself. 

3.2.1  Inputs 

The  procedure  by  which  the  load  factor,  AS,  is  evaluated  is  a 
function  of  maintenance  posture.  Subsection  2.2.2.  1,  "Load  Factor 
for  Base  Inventory,"  is  to  be  replaced  by  Subsections  3.2. 1.1  and 

3.2. 1.2  presented  below,  for  centralized  maintenance  posture. 
Subsection  2 .2.2.2,  "Load  Factor  for  Depot  Inventory,"  is  the  same 
for  either  maintenance  posture. 

The  upper  limit  for  expected  backorders,  AX,  is  evaluated 
directly  from  input  data;  hence  the  discussion  of  Section  2.2  is 
applicable  here  as  well. 

Calculation  of  the  remaining  input  to  the  Sparing  Routine, 
expediting  factor  EXF,  is  governed  by  the  user's  control  variable 


I 
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NEXF.  Modifications  to  this  procedure,  under  centralized 
maintenance  posture,  are  presented  in  Subsection  3.2. 1.3, 
"Expediting  Factor,"  below. 

3-2. 1.1  Load  Factor  for  Base  Inventory.  Base  Not  a CIMF:  For 
each  given  LRU  type  I at  a given  base  NS  for  which  CIMF(NS)=0,  base 
inventory  is  obtained  by  calling  the  Sparing  Routine  with  load 
factor  AS  computed  in  advance  as 


AB( I , NS)  = XFB(I.NS) 

•[ RTS( I )*CRCT*KC  + (NRTS(I)»KD  + COND( I ) ) *OST( LO(NS) ) ] . 


Note,  upon  comparison  with  the  equivalent  expression  in  Section  2.2, 
that  the  variables  BRCT  and  KB  have  been  replaced  by  CRCT  and  KC 
respectively,  with  the  remainder  of  the  expression  unchanged.  (All 
FORTRAN  variables  which  appear  above  are  defined  in  the  Glossary.) 

3.2. 1.2  Load  Factor  for  Base  Inventory.  Base  a CIMF:  For  each 
given  LRU  type  I at  a given  base  NS  for  which  CIMF(NS)=1,  base 
inventory  is  obtained  by  calling  the  Sparing  Routine  with  load 
factor  AS  computed  in  advance  as 


AB( I , NS)  = XFB(I,NS) 

•[ RTS( I ) •BRCT#KB  + (NRTS(I)*KD  + COND(I) )*OST(LO(NS) ) ] 

♦ XFBN(I.NS) 

•[ RTS( I ) •CRCT*KC  + (NRTS(I)*KD  + COND(I) )*OST(LO(NS) ) ] . 


Note  that  this  load  factor  is  the  sum  of  an  expression  which 
considers  the  CIMF's  own  failures,  with  base  repair  cycle  time  BRCT 
(multiplied  by  KB)  if  RTS(I)*0,  plus  an  expression  which  considers 
the  failures  from  all  bases  serviced  by  the  CIMF,  using  CRCT  and  KC 
in  place  of  BRCT  and  KB.  The  use  of  CRCT^KC  in  establishing  base 
inventory  for  a base  which  is  not  a CIMF  is  to  insure  a supply 
during  the  time  required  to  receive  replenishment  from  the  CIMF. 

The  use  of  CRCT*KC  in  establishing  inventory  at  the  CIMF  is  to  allow 
for  the  CIMF's  own  pipeline  time:  one-way  shipping  time  to  receive 
the  failed  LRU,  plus  a CIMF  handling  and  repair  time  which  is 
considered  negligible  with  respect  to  CRCT. 
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3-2. 1.3  Expediting  Factor:  Under  centralized  maintenance 
posture,  with  user's  control  variable  NEXF^O,  the  calculation  of 
expediting  factor  EXF(I,NS)  in  the  calling  procedure  for  Subroutine 
EBOS  (for  computation  of  PCD(1,NS))  differs  from  that  of  non- 
centralized  maintenance  posture  as  follows: 

If  base  NS  is  not  a CIMF,  l.e.,  CIMF(NS)=0,  then  in  the 
numerator  of  the  formula  for  EXF(I,NS)  the  expression  in  brackets  is 
replaced  by 

[ RTS( I )*CHCT  + ( 1-RTS(1))»0ST(L0(NS))], 

and  to  the  denominator  is  added 


HTS( 1 ) *TRANC 


to  account  for  the  additional  transportation  time  for  shipment  from 
the  C1MF,  via  an  expedited  priority,  of  the  replacement  LRU  repaired 
at  the  CIMF. 

If  base  NS  is  a CIMF,  i.e.,  CIMF(NS)=1,  then  in  the  numerator  of 
the  formula  for  EXF(I,NS)  the  expression  in  brackets  is  replaced  by 


RTS(I)»  [ £FB(1.NS)«BRCT  +.XFBN(1.NS)»CRCT  1 
L XFB(I,NS)  + XFBN(l.NS)  J 

+ ( 1 — RTS ( I ) ) *OST( L0( NS) ) 


in  which  BRCT  and  CRCT  are  weighted  appropriately  according  to  the 
original  source  (CIMF  or  non-CIMF)  of  the  LRU  failure.  For  a CIMF 
base  NS,  the  denominator  of  the  formula  for  EXFtl.NS)  is  identical 
to  that,  for  non-central ized  maintenance  posture,  since  in  this  case 
the  base-level  repair  is  made  at  the  same  base  where  the  LRU  is 
installed . 

Note  that  in  the  above,  the  numerator  expressions  involve 
precisely  the  ratios  AB( I , NS)/XFB( I , NS)  from  Subsection  3-2. 1.1, 
"Load  Factor  for  Base  Inventory,  Base  Not.  a CIMF,"  or 
AB( I , NS) /[ XFB( I , NS)  + XFBN(I.NS)]  from  Subsection  3-2. 1.2,  "Load 
Factor  for  Base  Inventory,  Base  a CIMF,"  but.  without,  the  multipliers 
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KB,  KC,  or  KD.  These  relations  are  analogous  to  that  noted  in 
Section  2.2  for  non-centralized  maintenance  posture. 

3.2.2  Outputs 

The  Sparing.  Routine  itself  is  not  affected  by  maintenance 
posture;  hence  the  discussions  of  Section  2.2  for  the  output 
variables  QS,  EBO,  and  PC  are  applicable  here  as  well. 

The  interpretation  of  QS,  quantity  of  spares  to  be  acquired,  is 
according  to  the  procedure  by  which  the  load  factor  is  computed  as 
input  to  the  Sparing  Routine.  (See,  in  particular,  Subsection 
3.2. 1.2,  "Load  Factor  for  Base  Inventory,  Base  a CIMF,"  above.) 

The  interpretation  of  PC,  probability  of  backordering,  is 
controlled  by  the  Sparing  Routine  calling  procedure.  Thus  FC  may 
pass  to  the  Availability  Routine  (Section  3.3,  below)  as  the 
probability  of  LRU  type  I inventory  depleted  at  a base  NS  which  is 
not  a CIMF,  at  a base  NS  which  is  a CIMF  (according  to  whether 
CIMF(NS)=0  or  1),  or  at  the  depot.  For  interpretation  of  PC  at  a 
CIMF  base,  from  the  standpoint  o-f  a non-CIMF  base  serviced  by  that 
base,  see  discussion  of  PCC(I,NS),  below. 

3. 3 The  Availability  Routine 

In  the  Availability  Routine,  the  expression  for  mean  down  time 
must  be  modified  in  order  to  convert  from  non-centralized 
maintenance  posture  to  centralized  maintenance  posture;  the 
remainder  of  the  Availability  Routine  is  unaffected  by  maintenance 
posture . 

3.3.I  Mean  Down  Time 

The  mean  down  time  MDT(K,NS)  for  a particular  terminal  of  type  K 
at  base  NS,  as  a summation  on  I of  an  expression  involving 
MDTLRU( I , K, NS) , remains  formally  as  presented  in  Section  2.3  above. 
Similarly,  there  is  no  change  in  the  formal  expression  for 
MDTLRU(I,K,NS) , involving  TRANS(I.NS).  However,  the  formula  for 
TRANS(I.NS)  is  different  under  centralized  maintenance  posture, 
since  the  pipeline  description  which  contributes  to  this  expression 
must  make  allowances  for  CIMF  inventories  and  CIMF  repairs  when 
applicable : 


IL ■-  -•  


TRANS(I.NS)  = 


RTS( I ) *CIMF( NS) *RT( I)*BMF 

+ RTS( I )*( 1-CIMF( NS) )*[ TRANC+PCC( I , NS)*RT( I ) #BMF] 
+ NRTS( I)*PCD(I)*RT(I ) *DMF 
+ (NRTS(I)  + COND( I))*TRAND(LO(NS)). 


See  Appendix  C for  a detailed  derivation  of  the  above  formula. 

A new  probability  PCC(I,NS)  appears  In  the  expression  for 
TRANS(I,NS)  when  using  centralized  maintenance  posture.  For  a base 
NS  such  that  CIMF(NS)=0,  PCC(I,NS)  Is  the  probability  that  Inventory 
of  LRU  type  I Is  depleted  at  the  CIMF  which  services  the  non-CIMF 
base  NS.  (See  Glossary  for  a more  complete  definition.)  Actual 
computation  of  PCC(I,NS)  Involves  both  the  Sparing  Routine  and  an 
output  of  Subroutine  CONSO: 


PCC(I,NS)  = PCB(I.NS') 


where  NS'  Is  the  Index  of  the  base  which  serves  as  CIMF  for  base  NS. 
(See  discussion  of  Subroutine  CONSO  and  Exhibit.  5.)  PCB(I,NS')  Is 
evaluated  by  the  Sparing  Routine  for  LRU  type  I and  base  NS'  exactly 
as  discussed  previously  for  non-cent.rallzed  maintenance  posture. 

(See  Exhibit  Jj.) 
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The  output  reports  from  the  AFSATCOM  LCC  Model  are  classified 
into  two  groups.  The  first  group  is  a set  of  tables  that  display 
values  of  input  data  items,  and,  in  a few  cases,  results  of  prelim- 
inary* calculations.  This  group  of  ten  reports  is  designated  the 
"Input  Section".  The  second  group  of  nine  reports,  the  "Output 
Section",  includes  tables  which  display  the  results  of  cost,  support 
requirements,  and  performance  calculations. 

Life  cycle  costs  computed  by  the  model  are  presented  in  the  out- 
put reports  as  total  system  LCC  (defined  as  the  sum  of  the  eleven 
cost  elements  of  the  LCC  Routine)  and  by  cost  element.  Where  possible 
by  the  equation  structure  of  the  model,  certain  cost  elements  are 
further  broken  down  by  LRU  type  and/or  by  terminal  type.  Results 
of  non-cost  calculations  are  printed  out  at  the  following  detailed 
levels  of  aggregation:  by  LRU  type,  terminal  type,  SE  (support 
equipment)  item,  and/or  site  (base  or  depot) . 

Exhibit  6,  the  AFSATCOM  LCC  Model  Output  Table  Directory,  presents 
an  overview  of  the  model's  inputs  and  outputs.  Each  table  is  listed 
and  its  contents  categorized  by  both  type  of  data  and  level  of  ag- 
gregation. Output  tables  have  been  classified  as  displaying  either 
input  parameters  (I),  cost  calculations  (C) , or  non-cost  calculations 
(N) . The  levels  of  aggregation  at  which  the  data  are  collected  or 
presented  are  LRU,  terminal,  environment,  site,  SE  item,  and  cost 
element . 

The  computer  printouts  included  in  this  Appendix  as  Exhibit  7 
are  a set  of  actual  output  reports  from  a sample  run  of  the 
AFSATCOM  LCC  Model.  The  data  on  which  the  run  is  based  are  not 
comprehensive;  that  is,  not  all  LRU  types,  terminal  types,  bases, 
and  SE  items  in  the  AFSATCOM  system  are  represented  in  this  model 
run.  The  model  has  capacity  for 

• up  to  135  different  LRU  types; 

• up  to  30  different  terminal  types; 

• up  to  95  sites  (94  bases,  one  depot) ; and 

• up  to  200  different  SE  items. 

An  example  of  a "preliminary  calculation"  is  an  aggregation  of 
detailed  input  data  to  a higher  level  which  is  subsequently  used  in 
a system  cost  or  non-cost  calculation. 
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However,  the  reader's  understanding  of  the  model  can  be  enhanced  by 
referencing  these  output  reports  in  conjunction  with  the  text  of 
this  document.  At  the  same  time,  it  should  be  noted  that  several 
of  the  model's  quantitative  calculations  and  analytical  capab i 1 i t ies 
are  not  visible  from  these  output  reports  (not  all  calculations  are 
printed)  but  are  used  in  generating  the  information  currently  pro- 
vided. Examples  include  the  calculation  of  probabilities  of  back- 
ordering (PCB(I,NS) , PCD(I))  and  expected  backorder  quantities 
(EBO) . 

Each  report  of  the  AFSATCOM  LCC  Model  which  appears  in  Exhibit  7 
is  described  in  the  remainder  of  Appendix  A.  Report  descriptions 
include  explanations  of  the  parameters  and  variables  displayed  in 
each  table  as  well  as  other  information  which  relates  the  reports 
to  each  other  and  to  appropriate  sections  of  the  text  and  the 
Glossary . 


INPUT  SECTION 

Miscellaneous  Parameter  Values 

The  first  report  of  the  Input  Section,  "Miscellaneous  Parameter 
Values,"  lists  the  values  of  several  parameters  for  the  current 
model  run.  Many  of  these  parameters  are  included  in  non-cost  cal- 
culations and  cost  element  equations;  others  relate  only  to  the 
mechanics  of  the  computer  program.  The  parameter  values  are  stored 
in  two  FORTRAN  Namelists,  $SYS  and  $LCC. 

Of  particular  interest  in  the  sample  run  employed  for  Exhibit  7 
is  the  fact  that  C0N=1,  implying  the  centralized  maintenance  posture. 
The  vector  CONSOL,  which  also  appears  in  $SYS,  reveals  that  (refer 
to  discussion  of  Subroutine  CONSO  in  the  text)  the  bases  A1 , A2 , 
and  A3  stand  alone,  whereas  bases  Bl,  B2,  B3  and  Cl  are  grouped  with 
Cl  the  CIMFj  also,  B4,  B5,  Bt>,  and  C2  are  grouped  with  C2  the  CIMF, 
and  B7,  B8,  B9,  and  C3  are  grouped  with  C3  the  CIMF. 


Table  1: 


Quantity  of  Terminal 


The  next  report  is  a matrix  of  terminals  by  site.  Each  matrix 
column  in  Table  1 indicates  the  quantity  of  a particular  AFSATCOM 
terminal  type  at  each  base.  Each  row,  conversely,  represents  the 
terminal  mix  at  a particular  base.  The  first  two  characters  under 
the  column  entitled  "LO"  are  a base  location  index  indicating 
whether  the  site  is  CONUS  or  overseas;  the  third  character  indicates 
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Table  2:  Predicted  Average  Terminal  Operating  Hours/Month 

The  predicted  average  terminal  operating  hours/month  are 
shown  by  terminal  type  and  site  in  the  next  report,  Table  2.  The 
placement  of  entries  in  Table  2 coincides  with  the  location  of  ma- 
trix entries  in  Table  1.  If  a terminal  type  is  used  at  a given 
site,  the  average  number  of  operating  hours  per  month  for  that  type 
of  terminal  will  be  displayed.  The  entry  "730"  represents  100% 
terminal  utilization’7‘this  being  the  average  number  of  hours  per 
month.  The  matrix  of  Table  2 corresponds  to  the  matrix  ATOH (K,NS) 
in  the  text. 

Table  3:  LRU  Reference  Table 

The  following  data  are  shown  in  Table  3 for  each  LRU: 

a.  LRU  index  number 

b.  LRU  name 

c.  Work  Unit  Code  (WUC) 

d.  Part  Number 

e.  Information  concerning  Maintenance  Bench  Sets  (MBS) 

f.  Choice  of  Repair  Levels 

g.  LRU  prices 

h.  LRU  quantity 

Item  a defines  an  index  number  that  is  used  throughout  the  LCC  Model 
run  to  refer  a particular  LRU  by  type.  Items  b,  c,  and  d require 
no  additional  explanation.  The  value  of  item  e,  if  non-zero  for 
a particular  LRU,  indicates  the  set  of  MBS  types  NHM  with  which  this 
LRU  can  be  repaired.  Item  f,  choice  of  Repair  Level,  is  documented 
in  a note  at  the  end  of  Table  3.  One  of  these  three  options  can  be 
designated  by  the  user  by  modifying  the  input  parameter  "NRL"  in 
the  Namelist  $LCC  of  the  "Miscellaneous  Parameter  Values"  table. 

LRU  prices.  Item  g,  permits  the  inclusion  of  indices  for  varying  the 
LRU  base  cost  to  incorporate  learning  curve  discounts,  economic 
escalation,  and  mark-ups  reflecting  general  administrative  expenses 
and  contractor  fees.  The  final  data  item,  LRU  quantity,  displays 
the  results  of  a preliminary  calculation.  Under  the  heading  "QTY" 
is  the  total  quantity  of  LRUs  of  this  type  "purchased"  to  comprise 
the  terminals  for  this  run,  denoted  as  QLRUl(I)  in  the  text. 

Table  4:  LRU  Quantities  by  Terminal  Type 

Table  4 shows  the  LRU  configuration  that  comprises  each  terminal 
type  associated  with  the  AFSATCOM  system.  This  matrix  contains  con- 
figuration data  for  all  terminal  types,  regardless  of  whether  a specific 
terminal  type  is  included  in  a particular  run  of  the  AFSATCOM  LCC  Model . 
Therefore,  Table  4 could  display  data  for  terminal  types  that  are  not 
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shown  in  Tables  1 and  2,  The  matrix  of  Table  4 corresponds  to  the 
matrix  QPA(I,K)  in  the  text. 

Also  shown,  in  the  row  designated  "LE"  immediately  under  the 
terminal  types,  is  the  corresponding  terminal  environment.  This 
index  is  denoted  LE(K)  in  the  text  and  is  defined  in  the  description 
of  Table  6,  below,  and  in  the  Glossary. 

Table  5:  LRU  Operation  and  Support  Parameters 

Input  values  for  several  LRU-dependent  parameters  are  shown  in 
Table  5.  These  parameters  include  ASEC,  TW,  UC,  WT,  RT,  RMH,  PA, 

TDLP,  RTS,  NRTS,  and  COND.  Each  parameter  is  defined  in  the  Glossary; 
in  addition,  a brief  description  appears  in  a note  at  the  foot  of 
the  table. 

Table  6:  Predicted  LRU  MTBF  by  Environment 

Table  6 displays  the  predicted  mean  time  between  failures  for 
each  LRU  type  as  a function  of  its  anticipated  operating  environment. 
The  three  terminal  operating  environments  are  1)  ground-fixed  terminals 
in  30°C  conditions,  2)  ground- transportable  terminals  in  30°C  sur- 
roundings, and  3)  airborne  terminals  in  a 40°C  environment . Matrix 
entries  are  expressed  in  number  of  hours.  These  entries  correspond 
to  MOTBMA(I,LE)  for  LRU  type  I in  environment  LE,  in  the  text. 

Table  7:  Reliability  K Factor  by  Environment 

Values  for  MFAC(LE)  are  shown  in  Table  7.  Each  MFAC  value  cor- 
responds to  one  of  the  three  terminal  operating  environments  discussed 
in  the  description  of  Table  6.  The  MTBF  used  in  the  AFSATCOM  LCC 
Model  is  the  value  given  in  Table  6 divided  by  the  appropriate 
value  of  MFAC. 

Table  8:  SE  Cost  by  SERD  Number 

Total  SE  Hardware  Acquisition  Cost 

The  first  part  of  Table  8 displays  input  data  for  each  item  of 
peculiar  support  equipment  (SE) . The  first  two  columns  of  the  print- 
out, SERD  and  DESCRIPTION,  display  the  SE  Item  Number,  name  and  the 
manufacturer's  part  number  for  each  SE  Item. 

The  four  cost  options  represent  the  breakpoint  SE  costs  for 
various  lot  size  purchases.  If  the  breakpoint  costs  are  used, 

Cost  1 is  selected  by  the  model  if  the  SE  lot  size  is  less  than  or 
equal  to  3;  Cost  2 is  chosen  if  the  lot  size  is  greater  than  3 but 
less  than  or  equal  to  27;  Cost  3 is  used  if  the  lot  size  ranges  from 
28-49;  and  Cost  4 is  selected  if  the  lot  size  exceeds  49.  The  values 
of  the  breakpoints  can  be  specified  by  the  user'.  They  are  shown  in 
Namelist  $SYS  of  the  "Miscellaneous  Parameter  Values"  table  as 
Nl,  N2,  and  N3 . 


79 


Hie  parameter  XFL  allows  thu  user  to  control  the  application  of 
these  breakpoint  costs  for  particular  SE  items,  if  the  value  of  IFL 
is  0,  thu  procedure  described  abovu  is  employed.  If  IFL  •*  1,  the 
procedure  is  not  employed  and  Cost  1 is  used.  SE  Items  for  which 
1<  IFL  <100  are  actually  LRUs,  so  the  SF.  price  is  sot  equal  to  the 
price  of  the  l.Hl)  numbered  IFL. 

The  second  part  of  Table  tl  exhibits  the  acquisition  cost  for  all 
support  equipment  "purchased"  in  this  LCC  model  run.  The  figure  is 
subdivided  into  three  components  - Peculiar  SE,  Common  SE,  and  those 
SE  which  are  actually  LKUs. 

Tab  1 e Mi  LKtl-SE  Usage  Matlix 

The  data  shown  in  Table  *.)  display  both  the  types  anil  quantities 
of  peculiar  support  equipment  that  are  needed  to  repaid  each  LKl) . The 
tabular  schematic  of  Table  9 is  a simplified  version  of  the  input 
matrix  A(X,L);  it.  was  designed  to  minimize  the  storage  requirements 
of  this  large  matrix  by  recording  only  the  non-zero  elements. 

The  leftmost  number  in  T.iblo  9 is  the  1.KIJ  index  number.  The 
next  one  or  two  digits  represent  the  total  number  of  SE  items  that 
are  needed  to  repair  this  LRU.  The  top  row  of  numerals  are  the  item 
numbers  of  the  SE  used  to  repair  that  I.RUj  the  figure  directly  be- 
neath each  of  these  SE  item  numbers  represents  the  quantity  of  that 
SE  item  which  is  used  to  repair  the  LRU. 

IX1TPUT  SECTION 

Tali_l_u  10,  Number  of  Required  Spat  es  by s 1 1 o by  LRU 

Expected  Fa  11  tires  pur  Month 

Table  10,  the  first  report  in  the  v utput  Section,  shows  the  re- 
sults of  two  sets  of  calculations.  In  both  cases,  an  array  of  data 
computed  at  the  base  level  is  printed  out  for  each  LRU. 

The  table  on  tint  left-hand  side  of  the  report,  "No.  of  Required 
Spares  by  Site  by  LRU,"  exhibits  the  total  number  of  base  level  spare 
LRUs  required  to  fulfill  a minimum  average  AF  inventory  level  specifi- 
cation (see  AX  and  F.B0  in  Glossary),  as  determined  by  the  Sparing 
Routine  documented  in  Section  1.2.  A breakdown  of  the  LRU  spares  total 
by  base  (SB(I,NS)  In  the  text)  appears  in  ten-column  tabular  format 
below  the  sum  for  oach  LRU  typo.  The  NS  site  index  cones  ponds  to  those 
defined  in  Table  1. 

# 

Ni'io  and  in  several  other  places  throughout  Tables  10,  11  and  13,  one- 
linii'i  ticnal  (vector)  data  wlil  be  presented  in  a ten-column  tabulai 
iM.it  to  be  lead  left  to  right  and  top  down.  This  formal  facilitates 
»*  i i my  entry  given  its  index i the  upper  left  entry  is  always 
. i t dl.  wed  by  entries  foi  indices  1 through  9 . Subsequent  lows 

» »>  • entiles  foi  indices  It'  through  19,  .'0  through  2'',  etc. 
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Atter  sparing  quantit  ies  tor  the  last  LRU  have  heen  printed,  a 
table  containing  similar  data  for  the  depot  (SD(1)  in  tire  text) 
appears . These  tabular  entries  represent  numbers  of  spares  by  l.KU 
type . 


Tin  riqht-hand  side  of  Table  10  displays  the  total  number  of  ex- 
pected failures  per  month,  by  l.KU,  at  eaeli  base  (XFH(l,NS)  in  the 
text)  . 

Tab  le  LI : Expected  Repair  Hours  per  Month  for  A1 1 l.KDs  by  s i t a 
No.  of  LRUs  of  Type  I by  Sit e 


Table  11  also  displays  two  types  of  calculat ions . In  this  ease, 
two  varieties  ot  data  are  printed  out  for  each  LRU  (in  ten-column 
tabular  format)  by  base.  The  left-hand  table  contains  data  signi- 
fying the  expected  number  ol  reprii  hours  per  month  for  each  l.KU  type 
at  each  base,  i .e. , >>.KHB(  1 , K.NU)  . For  bases  without  repair  shops 
( rdent  1 1 table  via  t if)'  vector  Fi'NSOl,  m the  "Miscellaneous  Parameter 
Values"  table),  the  expected  numeet  of  repair  hours  is  necessarily 
zero . Foi  such  bases,  the  presentat ion  by  l.KU  type  is  instead  the 
expected  number  ot  hours  ot  orqanizut.  ional- level  labor  required  pel 
month  for  t emove- and- rep lace  operations,  i.e.,  KKMH ( I , K, NR) . 

Hours  for  l.KU  repair  at  the  depot  (representing  _ FKlll'  ( 1 , K) ) appeal 
after  the  figures  for  the  last  base.  K 

The  light-hand  side  of  Table  11  is  a breakdown  by  base  of  the 
"y'TY"  figures  in  Table  3,  denoted  in  the  text  as  t?l.Bl(I,NS)  for  LRU 
type  I at  base  NR . The  number  ot  LKUs  of  each  type  is  printed  in 
tabular  format  for  every  base.  The  last  table  in  this  sequence,  lo- 
cated next  to  the  Depot  LRU  Repair  Hours  array,  exhibits  the  number 
of  bases  where  each  LRU  type  is  used.  This  table  is  derived  by  ac- 
cumulating a unit  entry  for  every  instance  in  which  any  number  of 
LRUs  of  a given  type  is  used  at  any  base.  (Refer  to  NIR(l)  in  the 
Glossary  and  in  the  discussion  ot  Cost  Element  10.) 

The  information  in  Table  11  is  often  useful  in  locating  input 
data  errors. 

Table  12r  Avai l.tbi li ty , Mean  Down  Time,  and  MTBD  for  Terminal  K 
by  Site 

Values  tor  three  variables  are  shown  in  Table  1.'  by  terminal 
type  and  base.  These  variables  are  the  availability,  mean  down  time, 
and  mean  time  between  demands  for  terminal  type  K at  base  NS,  denoted 
t esi>eet ively  in  the  text  as  AV(K,NS),  MDT(K,NH),  and  MTRDT(K,NR)  . 

The  three  values  comprising  each  matrix  "entry"  are  expressed  as  a 
probability  tor  availability  and  in  numbei  of  hours  for  mean  down  time 
and  mean  time  between  demands. 

Data  by  base  are  shown  horizontally}  terminal  data  ean  be  read 
vertically  below  each  terminal  designation.  The  last  column  ot 
Table  12  t •;  used  in  the  same  manner  as  the  "UNiyUK"  column  ot  Table  l. 
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(Note  that  the  last  column  of  Table  12  contains  non-zero  entries  for 
the  same  terminal  types  and  bases  as  in  the  corresponding  column  of 
Table  1.) 

Table  13:  Required  SE  Items  to  Be  Purchased 
Expected  SE  Utilization 

Table  13  presents  the  results  of  two  types  of  calculations. 

The  left-hand  side  of  the  printout  displays,  in  ten-column  tabular 
format,  the  quantities  of  each  type  of  peculiar  support  equipment  (SE) 
that  the  AF  must  purchase  for  a particular  site  to  repair  LRU  failures 
in  this  LCC  model  run.  The  first  tabular  array  in  this  category  ex- 
hibits values  of  the  variable  NAPD(L);  the  next  several  such  arrays 
display  values  of  NAPB (L, NS) . If  no  SE  is  to  be  purchased  for  a par- 
ticular base,  a message  to  that  effect  is  printed.  The  last  array, 
entitled  "Total  Number  of  SE  Items  Purchased,"  shows  the  aggregation 
of  these  SE  item  quantities  over  all  bases  and  the  depot.  (Elements 
of  this  final  tabular  array  are  described  in  the  text  as  NAPH (L) . ) 

Itie  expected  utilization  times  for  each  of  these  SE  items, 
expressed  in  hours/month,  are  shown  in  a sequence  of  ten-column 
tabular  arrays  on  the  right-hand  side  of  the  printout.  The  SE  utili- 
zation data  for  each  base  are  presented  opposite  the  corresponding 
Required  SE  Items  to  be  Purchased.  Therefore,  expected  utilization 
times  for  the  depot  (ERHAD(L))  appear  first,  followed  by  figures  for 
each  base  (ERHAB(L,NS) ) . 

(Recall  from  the  discussion  following  the  "Miscellaneous  Parameter 
Values"  table,  above,  that  the  sample  model  run  employed  for  Exhibit  7 
uses  centralized  maintenance  posture.  It  is  of  interest  to  note  that 
in  Table  13  the  statements  "NO  SE  FOR  THIS  SITE"  are  printed  out  pre- 
cisely for  those  bases  which  ship  their  failed  equipment  to  a CIMF 
elsewhere. ) 

Table  14:  Required  Men  to  Be  Trained 

Selected  input  data  and  training  calculations  appear  in  Table  14. 
The  table  heading  states  two  assumptions  of  the  calculations,  i.e., 
values  of  BAA  and  DAA  are  as  shown  here  for  this  LCC  model  run.  (BAA 
and  DAA  are  also  included  in  the  "Miscellaneous  Parameter  Values" 
table . ) 

Input  and  computed  values  are  presented  for  the  following  four 
parameters  and  variables  for  each  base  NS  and  for  the  depot:  Minimum 
number  of  men  to  be  trained  (denoted  MMTB(NS)  for  base  NS,  MMTD  for 
the  depot),  AF  training  turnover  rate  (denoted  TRB(NS),  TRD) , number 
of  men  trained  (the  output  computed  by  the  model,  denoted  NMT(NS)  for 
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base  NS,  NMTD  for  the  depot),  and  the  fraction  utilization  of  a one- 
man  shop  (denoted  NPERB(NS)  for  base  NS,  NPERD  for  the  depot). 

(Note  that  for  bases  NS  which  send  their  repair  work  to  a CIMF 
elsehwere,  the  input  MMTB(NS)  may  be  non-zero,  but  the  model  outputs 
NMT(NS)  and  NPEHB(NS)  are  zero.) 

Table  15:  Systems  Cost 

Table  15  is  the  first  of  four  tables  which  display  results  of  the 
system  cost  element  calculations.  Table  15  exhibits  the  total  LCC  for 
this  run,  broken  down  into  acquisition  and  support  categories,  and 
individual  cost  elements  (SC(N),  N=l,  2,  ...,  11).  The  percentage  of 
total  LCC  is  computed  and  displayed  for  each  cost  element  and  for  the 
acquisition  and  support  cost  categories. 

* 

A list  of  cost  element  names  and  the  percentage  of  each  that  is 
allocated  to  the  acquisition  cost  category  are  shown  at  the  conclusion 
of  the  table. 

Table  16:  Terminal  Costs  - Ranked  by  LCC 

The  focus  of  Table  16  is  on  costs  which  have  been  collected  at  or 
aggregated  to  the  terminal  level  of  WBS  indenture.  Terminal  costs  are 
presented  by  cost  element  and  aggregated  to  a total  terminal  LCC. 

Tlie  terminal  type  names,  listed  in  order  of  descending  magnitude 
of  terminal  LCC,  are  displayed  in  the  leftmost  column  of  the  table. 

Hie  next  seven  columns  display  costs  for  eacli  terminal  type  by  cost 
element.**  The  column  entitled  "O&S"  lists  the  total  of  the  O&S  costs 

allocated  to  each  terminal  type.  The  O&S  figure  is  computed  by  the 

.7, 

formula  1.  OSP (N) SC(N, K)  where  SC(N,K)  is  the  allocation  of  SC(N)  to 
N=1  7 

terminal  type  K;  the  TOTAL  column  represents  the  quantity  VSC(N,K). 

N=1 

These  percentages  represent  the  quantities  (l-OSP(N)),  where  an 
OSP(N)  factor  is  the  fraction  of  each  cost  element  SC(N)  that  is  to 
be  allocated  to  the  operations  and  support  cost.  The  OSP(N)  factors 
are  used  in  cost  calculations  displayed  in  Tables  16-18. 

* * . 

The  column  for  Cost  Element  3 contains  all  zeros  because  maintenance 

bench  sets  were  not  used  in  this  sample  model  run.  The  column  for 
Cost  Element  7,  Support  Equipment,  is  zero  because  tire  model  no 
longer  prorates  SE  to  terminal  types.  (See  text  of  Cost  Element  7 
for  documentation  of  a former  version  of  the  model  which  prorated 
SE  to  terminal  types.) 
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"PCT"  is  the  percentage  of  total  system  LCC  that  each  terminal 
LCC  represents.  The  "QUAN"  column  shows  the  number  of  terminals  pur- 
chased of  each  type.  Finally,  the  "LCC/ TERM"  column  entries  represent 
tile  quantity  [tOTAL/QUAn] . 

Cost  Elements  8-11  are  not  included  in  this  table  since  they  are 
computed  at  the  total  system  level. 

Table  17:  LRU  Costs  - Ranked  by  LCC 

★ 

Table  17  applies  the  format  used  in  Table  16  to  LRUs.  Items  are 
lasted  in  descending  order  of  magnitude  based  on  Total  LCC  per  LRU, 

X]SC(N,I),  where  SC(N,I)  is  the  allocation  of  SC(N)  to  LRU  type  I. 

N=1 

(This  quantity  is  displayed  under  the  heading  TOTAL.)  LCCs  for  each 
LRU  are  allocated  to  eight  cost  element  components.  O&S  costs  and 
FAILS,  the  total  number  of  failures  over  the  life  cycle  by  LRU  type 
(XFL(I)  in  the  notation  of  the  text),  are  also  shown  for  each  LRU. 

O&S  costs  are  allocated  to  individual  LRUs,  using  the  same  OSP(N) 

factors,  by  the  formula  L OSP(N) SC(N, I) . The  LCC/FAILS  is  calculated 

N=1 

by  the  expression  [TOTAL/FAILS]. 

Table  18:  LRU  Costs  - Unranked 

Table  18  contains  the  same  information  that  is  shown  in  Table  17. 
However,  for  the  convenience  of  the  user,  LRU  data  are  presented  in 
order  of  LRU  index  number  (as  opposed  to  being  sorted  on  the  basis 
of  LCC  magnitude) . 


I 


*For  explanation  of  the  zero  entries  in  the  columns  of  Cost  Elements  3 
and  7,  see  preceding  footnote  with  discussion  of  Table  16. 
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Information  P resented  By : 


Table  Number  and  Title  la) 

l.RU 

1 Terminal 

L Type 

Environment 

Site 

SE 

1 1 em 

Cost 

Element 

INPUT  SECTION 

- 

Miscellaneous  Parameter  values 

1 

I 

1 

1 

I 

1. 

Quantity  of  Terminal  Type  By  Site 

I 

I 

2. 

Predicted  Average  Terminal 

I 

1 

Operating  Hours 

3. 

LKU  Reference  Table 

1 

4. 

LRU  Quantities  by  Terminal  Typo 

1 

I 

5. 

LRU  Operation  & Support  Parameters 

1 

6. 

Predicted  LKU  MTBF  by  Environment 

I 

1 

7. 

Reliability  K Factor  by  Environment 

I 

8. 

SE  Cost  by  SERD  Number 

1 

Total  SE  Hardware  Acquisition  Cost 

C 

9. 

LRU-SE  Usage  Matrix 

I 

I 

OUTPUT  SECTION 

10. 

No.  of  Required  Spares  by  Site  by  LRtr 

N 

N 

Expected  Failures/Month 

N 

N 

11. 

Expected  Repair  Hours/Month  for  All 

N 

N 

LRUs 

No.  of  LRUs  of  Type  1 by  Site 

I 

I 

12. 

Availability,  Mean  Down  Time,  and 

N 

N 

MTBD  for  Terminal  K by  Site 

13. 

Required  SE  Items  to  be  Purchased 

N 

N 

Expected  SE  Utilization 

N 

N 

14. 

Required  Men  to  Be  Trained 

l/N 

15. 

Systems  Cost 

C 

lb. 

Terminal  Costs  - Ranked  by  LCC 

C 

C 

17. 

LRU  Costs  - Ranked  by  LCC 

C 

C 

18. 

LRU  Costs  - Unranked 

C 

C 

KEY 

I » Input  Values 
C “ Cost  Calculation 
N * Non-Cost  Calculation 

Exhibit  b.  AFSATCOM  LCC  Model  Output  Table  Directory 
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12J4 J. 
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4 1 
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4 1 
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44 
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APPENDIX  B 
QUANTITIES  OF  LRUs 


The  quantity  of  LRUs  of  a given  type  I which  are  Installed  in 
all  of  the  terminals  at  all  of  the  bases  of  the  AFSATCOM  system 
configuration  is 


QLRUI(I)  = Y QPA( I ,K)*NTS(K) 
K 


where  QPA(I,K)  is  the  quantity  of  LRUs  of  type  I installed  in  a 
terminal  of  type  K,  and  NTS(K)  is  the  total  number  of  terminals  of 
type  K to  be  purchased.  Equivalently,  one  could  define 


QLBKI.NS)  = Y QPA(I,K)*IT(K,NS) 
K 


as  the  quantity  of  LRUs  of  type  I which  are  installed  in  all  of  the 
terminals  at  base  NS;  then 


QLRUI(I)  * Y QLBKI.NS) 
NS 


since 


Y IT(K.NS)  = NTS(K) 

NS 


as  noted  in  the  discussion  of  Cost  Element  1,  above. 

The  quantity  of  LRUs  of  type  I which  are  acquired  for  initial 
sparing  for  AFSATCOM  is 


QLRU2( I ) = Y SB(I,NS)  + SD(I) 
NS 


112 


! 


where  SD(1,NS)  and  SP(I)  are  the  number  of  spares  of  LKU  type  i to 
be  acquired  for  inventory  at  base  NS  and  at  the  depot,  respectively. 


The  quantity  of  LHlIs  of  type  1 which  are  installed  in  all  of  the 
maintenance  bench  sets  at  all  of  the  bases  of  the  AFSATCOM  system 
configuration  which  have  such  bench  sets  Is 


QLRU3(I)  = I!  HMU(NHM(NS) , I) 
NS 


where  HMU(NHM.I)  is  the  quantity  of  LRUs  of  type  1 installed  in 
maintenance  bench  set  type  NHM,  and  NUM(NS)  is  the  type  of 
maintenance  bench  set  used  at  base  NS.  If  no  maintenance  bench  set 
exists  at  base  NS,  then  NHM(NS)=0. 

The  above  quantities  play  a role  in  prorating  to  terminals  those 
cost  elements  which  are  aggregated  by  LRU  type  only.  For  example, 
that  portion  of  Cost  Element  2 attributable  to  LRU  type  I,  found  as 
in  the  equation  for  SC(2)  but  with  the  summation  on  1 omitted,  is 
mui tipi led  by 


QPA( I , K ) • NTS ( K ) /QLRU 1 ( 1 ) 


for  proration  to  terminal  type  k. 

In  test  runs  of  the  AFSATCOM  LCC  Model,  it  is  desirable  to 
employ  subsets  of  the  full  AFSATCOM  system  configuration  for  economy 
of  computer  time  and  storage.  Similarly,  subsets  of  the  full 
AFSATCOM  system  configuration  may  be  the  focus  of  special  logistics 
cost  studies.  By  virtue  of  the  LRU  quantities  defined  above,  the 
user  of  the  model  need  not  worry  about  consistency  between  the  data 
files  of  the  matrix  [QPA(I,K)J,  of  the  matrix  [IT(K,NS)J,  and  of  t he 
master  list  of  LRU  data  and  terminal  data.  Thus,  for  example,  if 
LRU  type  I appears  in  the  master  list  of  LRU  data,  but  in  a given 
run  of  the  AFSATCOM  LCC  Model  the  only  use  of  that  LRU  type  is  in  a 
terminal  which  itself  is  not  used  at  any  base,  a test  for  QLRU1(11=0 
will  cause  certain  computations  to  be  withheld,  and  will  preclude 
the  prorating  of  LCC  cost  elements  to  that  LRU  type. 
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APPENDIX  C 


TERMINAL  MEAN  DOWN  TIME  BY  LRU  TYPE 


The  mean  down  time  for  a particular  terminal  of  type  K at  base 
NS,  given  a failure  of  an  LRU  of  type  I in  that  terminal,  which  is 
the  expression  denoted  by  MDTLRUC I , K, NS)  in  the  text,  is  derived  via 
the  network  portrayal  of  LRU  repair/replacement  pipeline  presented 
in  Exhibit  8.  This  network  is  developed  from  left  to  right  by 
tracing  the  alternative  paths/outcomes  which  may  be  taken  by  the 
failed  LRU.  Probabilities  are  entered  onto  the  path  in  parentheses, 
followed  by  an  entry  of  the  time  required  for  that  path. 

A "generalized  pipeline"  time  average  is  then  developed  by 
working  from  right  to  left  through  the  network,  as  follows: 

(i)  Probabilities  and  time  entries  on  branches  emanating 
from  a common  node  are  multiplied  together; 

(ii)  these  probability-time  products  are  added  together; 

(iii)  this  sum,  representing  the  average  pipeline  time  among 
branches  emanating  from  a common  node,  is  placed  on  the 
incoming  branch  to  the  left  of  that  node  as  an 
additional  time  entry; 

(iv)  multiple  time  entries  on  the  same  branch  are  added 
together. 

This  process  is  repeated  node  by  node  through  the  network  until  a 
single  time  entry  exists  on  the  leftmost  branch;  this  final  time 
entry  is  the  generalized  pipeline  average  for  the  network,  namely, 
the  mean  down  time  for  a particular  terminal  of  type  K at  base  NS, 
given  a failure  of  LRU  type  I. 

The  network  of  Exhibit  8 is  developed  via  the  following  sequence 
of  actions  for  LRU  type  I in  terminal  type  K at  base  NS:  To  start 
with,  remove  and  replace  time  RMH(I),  mean  checkout  time  MCOTT(K), 
and  on-base  transportation  time  TRANB( IBS( I) ) must  elapse  regardless 
of  subsequent  outcome.  With  probability  1-PCB(I,NS),  a spare  LRU 
exists  in  base  inventory  and  no  further  time  elapses.  But  with 
probability  PCB(I,NS),  base  inventory  is  depleted  and  the  mean 
replacement  time  TRANS(I.NS)  Is  incurred. 


vStvcn  th.it  Inventory  of  I.NII  type  I la  vlepletev)  .it  base  Nb,  the 
network  for  moan  rep l aoement  t Ime  I'KANbll.NS'  Is  developed  as 
follows  under  non-oen  t r.i  l l .■  ed  w.unt  i'iuiuv  posture:  With 
probabl  l It  Irs  KTbil',  NHTbil',  and  OONl'l  1'  , t tir  souroes  sought  for 
t hr  replaoement  INI'  are  base  v repair  only',  depot  yetther  Inventory 
or  repair',  ami  depot  (Inventory  only),  rrspoot  ively , On  the 
net  work  hrunoh  to  wliloli  prohah  1 1 It  v l\Tb(l'  Is  attributed,  the  base 
repair  time  NTil'*hMf  Is  Inourred.  Vhe  hranoh  with  the  NHTStl) 
prohal'  1 1 1 1 \ must  Inour  the  t ranspori  at  Ion  time  lNANl'llOi  NS) ' for 
shipment  of  a replaoment  l lilt  from  the  depot  t o the  fuse;  further 
hranehlng  now  desorlbes  the  aot  Ions  taken  aoeordlng  to  whether  the 
l Nil  is  available  from  depot  Inventory.  With  probability  t-lYl'il',  a 
spare  l Kb  exists  In  depot  Inventory  amt  no  further  time  elapses, 
but  with  probability  IVl'v  l ' , depot  Inventory  Is  depleted  atul  the 
base  repair  time  Hl'i  1 ' *l'MF  Is  Inourred.  finally,  for  the  hranoh  of 
probability  OONl't  1 ' , depot  Inventory  will  always  suffloe  ami  only 
t In'  t ranspoi't  at  Ion  time  TNANl'i  l.l'i  Nb' ' is  Inourred. 

for  oent  r.a  l I .‘.ed  malnt  enanoe  posture,  oaloulat  Ion  of  I'NANSil.Nb' 
requires  only  that  the  network  hranoh  of  probability  NTbi l ' be 
modified,  as  follv'ws;  it'  OIMFyNb' . 1 vt.e.,  base  Nb  has  a repair 
faolllty',  t hen  i'IMK  repair  time  K V v l ' * l^MK  Is  Inourred.  yNeoalt 
that  base  Nb  Inventory  is  depleted,  by  definition  of  I'NANbl  l , Nb' . ' 
Otherwise  OIMFyNb'  0,  henoe  t-0 lMf\  Nb' . I , amt  the  oorrespomt  Ing 
hranoh  must  Inour  the  t ransport  at  ton  time  t'NANO  for  shipment  of  a 
replaoement  l Nil  from  the  ('IMF  for  that  base;  further  hranohlng  now 
.tesoribes  the  aot  Ions  taken  aooomtlng  to  whether  the  l.NO  Is 
available  from  01NF  Inventory.  With  pt'obablllty  i-lYOl  l , Nb' , a 
spare  l Nb  exists  In  the  Inventory  of  the  01MF  base  whloh  servloes 
base  Nb,  aiut  no  further  time  elapses.  but  with  probability 
IWll.Nb),  this  OINK  inventory  Is  depleted  ami  the  01MF  repair  time 
Nl'il'*bMf  Is  tnourrevl. 
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GLOSSARY 


We  list  below  the  definitions  of  11)  all  capital-letter 
abbreviations,  acronyms,  and  subroutine  names,  and  (C)  all  FORTRAN 
variable  names,  indices,  and  function  names  used  in  this  document. 

The  Glossary  presents  the  following  additional  information  after  the 
descriptive  definition  of  a FORTRAN  variable  name:  (units) 

(responsible  authority  or  source  of  numerical  data  for  input 
variables,  reference  to  appropriate  section  of  text  for  variables 
computed  internally)  subroutine  or-  Life  Cycle  Cost  subcost (s)  in 
which  the  defined  variable  appears,  either  directly  or  indirectly. 

Ahbrev tat  tons*  Acronyms . .Subrout  ino  Names 

AF  Air  Force. 

AFLC  Air  Force  Logistics  Command. 

AFSATCOM  Air  Force  Satellite  Communications  System. 

AVAIL  Abbreviation  for  the  Availability  Routine,  a subset  of 

the  LCC  Routine. 

BITE  Built-in  test  equipment.  I 

CIMF  Centralized  intermediate  maintenance  facility,  the 

designation  of  the  one  base  with  repair  facility 
in  each  grouping  of  bases,  when  using  the 

"centralized"  maintenance  posture.  j 

CONSO  A subroutine  of  the  LCC  Routine,  the  vehicle  bv  which 

the  "centralized"  maintenance  posture  is  Implemented. 

FBOS  The  Expected  Back-Order  Sparing  Subroutine. 

LCC  Life  cycle  cost,  also  the  Life  Cycle  Cost  Routine. 

LRU  Line  replaceable  unit;  for  AFSATCOM,  equipment  which 

is  replaceable  by  organizational-level  personnel  at 
the  terminals. 

LSC  Logistics  support  cost;  in  particular,  the  Logistics  j 

Support  Cost  Model  developed  by  AFLC  (see  Reference 
(1)1,  a predecessor  to  the  AFsATCCM  LCC  Model 
developed  by  The  M'TKF  Corporation. 
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MBS 

MDT 

MTBD 

MTbF 

MTTK 

NOKS 

OKLA 

SC 

SE 

SERB 

SITELCC 

SITEORLA 


Maintenance  bench  set(s). 

Mean  down  time.  MDT  differs  from  MTTK,  mean  time  to 
repair,  in  that  MPT  is  a measure  of  elapsed  calendar 
time,  including  time  spent  awaiting  parts  on  order, 
whereas  MTTR  is  a measure  of  actual  repair  time  only. 

Mean  time  between  demands.  MTBD  differs  from  MTBF, 
mean  time  between  failures,  in  that  MTBD  is  a measure 
of  elapsed  calendar  time,  including  times  during  which 
the  equipment  is  not  operating,  if  any,  whereas  MTBF 
is  a measure  of  actual  equipment  operating  time  only. 

Mean  time  between  failures.  (Refer  to  definition  of 
MTBD,  above.) 

Mean  time  to  repair.  (Refer  to  definition  of  MDT, 
above . ) 

Not  operationally  ready  due  to  supply,  the  status 
designator  of  an  AFSATCOM  terminal  which  is  down 
awaiting  arrival  of  a component  which  is  not  available 
from  base  inventory. 

Any  optimum  repair-level  analysis  (see,  e.g.. 

Reference  [ 3 J 5 * 

Subcost,  i.e.,  a cost  element  of  LCC.  F.g.,  SC(,’) 
implies  Cost  Element  7. 

Support  Equipment  (formerly:  Aerospace  Ground 
Equipment ) . 


Support  Equipment  Review  Document  (formerly: 

Aerospace  Ground  Equipment  Review  Document > . 

The  name  of  the  FORTRAN  program  for  the  AFSATCOM  LCC 
Model  developed  by  The  MITRE  Corporation. 

The  name  of  a site-specific  ORLA  Routine  developed  at 
The  MITRE  Corporation,  extending  upon  the  1d?4  work  of 
J.  J.  Fabish  (Reference  l1*]),  then  of  Sacramento 
ALC  MMER,  to  support  AFSATCOM  life  cycle  cost 
analyses . 


US 


KUHl'KAN  Variable  Named.  Indices,  function  Names 
A(I,L) 

LRU-SE  usage  or  cross-reference  indicator;  A(I,L)=1  if 
SE  (support  equipment)  of  SEND  (Support  Equipment 
Review  Document)  item  number  L is  used  to  isolate 
failed  SHUs  in  an  LRU  of  type  I,  A(I,L)=0  otherwise. 

{0  or  1 indicator!  (Contractor;  assignment  of  SE  items 
to  LRU  types  is  controllable  by  the  user  of  the  model 
via  this  matrix.  )/L,CC  SC(7) 

AB(I,NS) 

"Load  factor"  for  computing  inventory  size  and 
probability  of  backordering,  for  LRU  type  1 at  base 
NS.  See  Glossary  entry  for  AS,  for  further 
definition.  (items)  (Computed  internally;  sec 
discussion  of  Sparing  Routine  inputs . )/EH0S  calling 
procedure  for  LCC  SC(2)  and  for  AVAIL 

ACPF 

Acquisition  cost  per  page  of  technical  data.  ($/page) 
(Contractor)/LCC  SC (11) 

AD(I) 

"Load  factor"  for  computing  inventory  size  and 
probability  of  backordering,  for  LRU  type  I at  the 
depot.  See  Glossary  entry  for  AS,  for  further 
definition.  (items)  (Computed  internally;  see 
discussion  of  Sparing  Routine  inputs . )/EB0S  calling 
procedure  for  LCC  SC (2)  and  for  AVAIL 

AMA(L) 

Average  annual  portion  of  the  fraction  of  acquisition 
cost  of  SE  item  L which  is  added  on  to  represent 
maintenance  (including  labor  and  parts)  costs  of  that 
SE  item  over  the  life  cycle,  (decimal  fraction/yr . ) 
(Contractor )/LCC  SC(7) 
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Average  annual  portion  of  the  fraction  of  acquisition 
cost  of  a maintenance  bench  set  which  is  added  on  to 
represent  maintenance  (including  labor  and  parts) 
costs  of  the  maintenance  bench  set  itself.  (decimal 
fraction/yr . } (AF;  selected  from  the  file  of  AMA(L) 
for  a predetermined  value  of  L)/LCC  SC(3) 


Input  variable  for  Subroutine  EBOS:  "Load  factor." 

For  a given  situation  of  interest  (LRUs  of  type  I,  at 
base  NS  or  at  depot)  the  load  factor  is  the  LRU 
failure  rate  (per  month)  multiplied  by  the  average 
pipeline  time  (in  months),  hence  is  the  average  number 
of  LRUs  in  the  pipeline,  {items}  (Receives  value  of 
either  AB(I,NS)  or  AD(I)  from  the  EBOS  calling 
procedure  of  the  LCC  Routine;  see  discussion  of 
Sparing  Routine  inputs,  including  Exhibit  i).)/EBOS 


Average  SRU  exchange  cost  per  maintenance  action 
resulting  from  failure  of  an  LRU  of  type  I.  This 
average  is  comprised  of  the  failure-rate-weighted 
costs  of  the  SRUs  in  the  LRU,  using  repair  cost 
(including  cost  of  labor,  materials,  SE,  spares, 
packing  and  shipping,  etc.)  for  repairable  SRUs, 
replacement  costs  for  disposable  SRUs.  In  the  case 
where  LRU  type  I does  not  further  subdivide  into  SRUs 
then  ASEC(I)  is  set  equal  to  RM(I),  the  average  repair 
materials  cost  per  failure  of  LRU  type  I.  ($/item) 
(Computed  by  an  auxiliary  program  using  results  from 
an  ORLA  Routine  [3]  run  at  the  SRU  level,  with  further 
input  from  SITEORLA;  see  Cost  Element  5-)/LCC  SC(5) 


Average  total  operating  hours  per  month  of  a terminal 
of  type  K at  base  NS.  (hrs./mo.)  (AF;  utilization  of 
terminals  at  bases  is  controllable  by  the  user  of  the 
model  via  this  matrix. )/LCC  SC(U),  SC(5)»  SC(6), 
SC(7),  SC(8),  SC(9);  EBOS  calling  procedure  for  LCC 
SC(2) ; AVAIL 
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AV(K,NS) 

Availability  ol  a given  terminal  of  type  K at  base  NS. 
{decimal  fraction)  (Computed  internally  by  the 
Availability  Routine . )/AVAlL 

AX 

Input  variable  for  Subroutine  EBOS:  Preassigned  upper 
limit  on  the  Sparing  Routine  output  variable  EBO, 
expected  number  of  backorders  at  a random  point  in 
time  or  per  month,  litems  or  items/mo.)  (Receives 
value  from  a variable  named  EBO  in  the  EBOS  calling 
procedure  of  the  LCC  Routine;  see  discussion  of 
Sparing  Routine  inputs,  including  Exhibit  il.)/EbOS 

bAA 

Total  available  active  work  time,  per  month,  in  a base 
repair  shop,  (hrs./mo.)  (AE)/LCC  SC(7),  SC ( 8 ) , SC(9) 

BLR 

Average  base  level  labor  rate.  {$/man-hr.)  (AE)/L.CC 
SC(ii),  SC(6) 

BME 

Base  repair  maintenance  factor,  to  be  applied  to  RT(1) 
to  include  time  to  get  test  equipment,  parts,  etc. 
{decimal  factor)  (Contractor  provided  this  factor  for 
AFSATCOM;  Air  Force  provides  this  factor  in 
general. ) /LCC  SC(H),  SC(7),  SC(8),  SC(9);  EBOS  calling 
procedure;  AVAIL 

BRCT 

Average  base  repair  cycle  time,  {mo . ) ( AF) /EBOS  calling 
procedure  for  LCC  SC(2)  and  for  AVAIL 

! 


CA(L) 


The  unit,  price  of  SE  Item  L.  Typically,  the  actual 
price  Is  dependent  upon  the  total  quantity  of  SE  Item 
L to  be  purchased,  NAPH(L).  The  model  currently 
allows  for  as  many  as  four  price  categories,  defined 
by  user  Implementation  of  as  many  as  three  price 
breakpoints;  provision  for  additional  price 
breakpoints  could  easily  be  Incorporated.  |$/lt.eml 
(Contractor;  a function  of  NAPH(L))/LCC  SC( 7) 


CIMF(NS) 

Indicator  function  when  using  centralized  maintenance 
posture;  CIMF(NS)=1  If  base  NS  Is  a centralized 
Intermediate  maintenance  facility  (CIMF)  or  a stand- 
alone base  among  centralized  maintenance  posture 
groupings;  C1MF(NS);0  If  base  NS  Is  a member  of  a 
group  of  bases  but.  not  the  CIMF  for  that,  group. 
Equivalently,  CIMF(NS)=0  If  base  NS  sends  equipment  to 
a CIMF  elsewhere,  {zero  or  one)  (Established  by 
Subroutine  CONSO  via  user's  Input,  vector 
CONSOL(NS) . )/CONSO;  LCC  SCIM,  SC(7),  SC(8),  SC(9), 
SC(10);  EBOS  calling  procedure  for  LCC  SC ( 2 ) ; AVAIL 

CUN 

Control  variable  for  maintenance  posture.  Setting 
CON=0  causes  the  model  t.o  run  In  "non-cent.ral Ized" 
maintenance  posture.  Setting  C0N=1  causes  Subroutine 
CONSO  t.o  be  called,  and  the  model  t.o  run  In 
"centralized"  maintenance  posture.  (zero  or  one) 
(User's  control ) /CONSO  calling  procedure 

COND(I) 


Fraction  of  removals  of  LRU  of  type  I expected  t.o  be 
condemned  upon  failure.  {decimal  fraction)  (Based 
upon  the  results  of  an  ORLA  Routine  [3];  see  also 
Exhibit.  3.  )/LCC  SC(4),  SC(5),  SC ( 10) ; EBOS  calling 
procedure  for  LCC  SC(2);  AVAIL 
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COND(J) 


r 


Fraction  of  removals  of  SRU  of  typo  J expected  to  be 
condemned  upon  failure.  {decimal  fraction)  (based 
upon  the  results  of  an  ORLA  Routine  1 3J  run  at  the  SRI) 
level  . )/LCC  SC(  ‘j) 

CONSOL ( NS) 

Vector  of  designators  of  bases  arranged  into  groupings 
for  a specific  configuration  to  be  implemented  by  the 
user  under  centralized  maintenance  posture.  The  base 
designators  are  two-character  alphanumeric  symbols, 
e.g.,  'Ah',  'CD',  etc.  Each  grouping  of  bases  is 
delimited  by  the  double-zero  symbol  '00'.  The  first 
such  string  indentifies  the  stand-alone  bases  (i.e., 
bases  not  assigned  to  any  group).  Each  successive 
string  identifies  a grouping  of  bases,  the  last  of 
which  is  the  centralized  intermediate  maintenance 
facility  (C1MF)  for  that  grouping.  See  example  in 
Exhibit  5.  {two-character  alphanumeric  symbols)  (AE; 
configuration  into  stand-alone  bases,  groupings,  and 
CiMFs  is  controllable  by  the  user  via  this 
vector. )/C0NS0;  LCC  SC(4),  SC(7),  SC(8),  SC(d), 

SC(10);  EBOS  calling  procedure  for  LCC  SC(C);  AVAIL 

CPA(I) 

The  number  of  new  ")’"-coded  assemblies  (SKUs)  added  to 
the  Air  Force  inventory  system,  as  a result  of 
AFSATCOM  acquisition,  to  support  repair  of  LRUs  of 
type  I.  {items}  (Computed  internally;  see  Cost 
Element  10.)/LCC  SC( 10) 

CPFB( J ) 

Cost  per  failure  of  SHU  type  J,  given  that  this  SRU 
type  is  designated  for  base  repair.  t$/itom) 

(Computed  by  the  SITEORLA  Routine .) /LCC  SC(5) 

Cl’FP(J) 

Cost  per  failure  of  SRU  type  J,  given  that  this  SRU 
type  is  designated  for  depot  repair.  ($/itemi 
(Computed  by  the  SITEORLA  Routine .) /LCC  SC(M 


f 


A 
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CPFS(J) 

Cost  per  failure  of  SRU  type  J,  given  that  this  SKU 
type  is  designated  for  discard  upon  failure.  U/ileml 
(Computed  by  the  SITEORLA  Routine .) /LCC  SC(5) 

CKCT 

Average  one-way  shipping  time  from  a base  (not  a CJMF) 
to  t lie  CIMF  for  that  base,  when  using  centralized 
maintenance  posture.  (mo . } ( AF)/EBOS  calling  procedure 
for  LCC  SC( 2 ) and  for  AVAIL 

DA  A 

Total  available  active  work  time,  per  month,  in  a 
depot  repair  shop.  {hrs./mo.}  (AF)/LCC  SC(7).  SCifl), 
SC(9) 

DFC( A, B, R) 

Continuous  discount  factor  function,  which  evaluates 
the  continuously  discounted  sum  of  a series  of 
payments  of  $1  beginning  at  time  A and  ending  at  time 
B,  for  interest  rate  R.  (same  units  of  time  as  A and 
B} /LCC  SC( 4 ) , SC( 5) * SC(b),  SC(7),  SC(9),  SC(10), 

SC(  11) 


DFC( A , B, R)  = B - A if  H = 0 

= [ EXP(-A*R)  - FXP(-B»R)]/R  if  h’  > 0 


Average  depot  level  labor  rate.  ($/man-hr.|  (AF)/LCC 
SC(  4 ) 
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DMF 

Depot  repair  maintenance  factor,  to  be  applied  to 
HT(i)  to  include  time  to  get  test  equipment,  parts, 
etc.  (decimal  factor}  (Contractor  provided  this  factor 
for  AFSATCOM;  Air  Force  provides  this  factor  in 
general . )/LCC  SC(‘l),  SC(7),  SC(8),  SC(9);  AVAIL 

DRCT 

Average  one-way  shipping  time  plus  handling  and  repair 
time  at  the  depot  for  all  LRU  types  which  undergo 
depot  repair,  (mo.)  (AF)/EBOS  calling  procedure  for 
LCC  SC( 2) 

EBO 

S1TELCC  input  variable:  Preassigned  upper  limit  on 
expected  number  of  backorders  per  month  for  any  LRU 
type  at  any  base  or  at  the  depot.  (items/mo.}  (AFLC 
guidance;  controllable  by  the  user  of  the  model  to 
achieve  tradeoff  between  cost  of  LRU  inventories  and 
availability  of  terminals .) /EBOS  calling  procedure  for 
LCC  SC( 2 ) and  for' AVAIL 

EBO 

Output  variable  for  Subroutine  EBOS:  Expected  number 
of  backorders,  at  a random  point  in  time  or  per  month, 
for  a given  situation  of  interest  (LRUs  of  type  1,  at 
base  NS  or  at  the  depot).  (items  or  items/mo.} 
(Computed  internally;  see  discussion  of  Sparing 
Routine  outputs,  including  Exhibit  *1 . ) / EBOS 

ERHAB(L.NS) 

Expected  utilization,  per  month,  of  SE  item  (items)  of 
SERB  item  number  L,  at  a repair  shop  at  base  NS. 
(man-hrs ./mo. } (Computed  internally;  see  Cost  Element 
7 • )/LCC  SC( 7 ) 
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EHHAD(L) 


Expected  utilization,  per  month,  of  SE  item  (items)  of 
SERD  item  number  L,  at  the  depot  repair  shop,  (man- 
hrs./mo.)  (Computed  internally;  see  Cost  Element 
7 . ) /LCC  SC( 7 ) 


ERHB(I,K,NS) 

Expected  number  of  repair  hours,  per  month,  that  LRUs 
of  type  I operating  in  terminals  of  type  K will 
require  at  a repair  shop  at  base  NS.  (man-hrs . /mo . ) 
(Computed  internally;  see  Cost  Element  7.) /LCC  SC(7) 

ERHD(I.K) 

Expected  number  of  repair  hours,  per  month,  that  LRUs 
of  type  I operating  in  terminals  of  type  K will 
require  at  the  depot  repair  shop,  (man-hrs . /mo . } 
(Computed  internally;  see  Cost  Element  7.)/LCC  SC(7) 

ERMH(1,K,NS) 

Expected  number  of  hours  of  organizational-level 
labor,  per  month,  required  to  remove  and  replace  LRUs 
of  type  I operating  in  terminals  of  type  K at  base  NS. 
(man-hrs . /mo . } (Computed  internally;  see  discussion 
of  Cost  Element  7 for  centralized  maintenance 
posture .) /LCC  output  only 

ERPSB(NS) 

Expected  repair  time  required,  per  month,  at  base  NS. 
(man-hrs ./mo . } (Computed  Internally;  see  Cost  Element 
8 . ) /LCC  SC( 8) , SC(9) 

ERPSD 


Expected  repair  time  required,  per  month,  at  the 
depot,  (man-hrs. /mo. ) (Computed  internally;  see  Cost 
Element  8.)/LCC  SC(8),  SC(9) 
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fclXF 

Input  variable  for  Subroutine  KUOS:  "Expediting 
factor".  This  is  the  factor  by  which  pipeline  time  is 
divided  whenever  Inventory  is  depleted.  If  expediting 
is  to  be  utilized  with  the  Sparing  Routine,  EXE  input 
must  be  greater  than  one.  Otherwise,  input  EXFsI. 
(numerical  factor,  greater  than  or  equal  to  one) 
(Receives  value  from  the  EBOS  calling  procedure  of  the 
LCC  Routine;  see  discussion  of  Sparing  Routine  inputs, 
including  Exhibit*  4.)/EB0S 

EXE(i.NS) 

Expediting  factor  by  which  pipeline  time  is  divided 
whenever  inventory  of  LRU  type  I is  depleted  at  base 
NS.  (numerical  factor,  greater  than  or  equal  to  one) 
(Computed  internally;  see  discussion  of  Sparing 
Routine  inputs .) /EBOS  calling  procedure  for  AVAIL 

EA1L( I , K , NS) 

Expected  number  of  removals  per  month  of  LRU  type  I in 
terminal  type  K at  base  NS.  (items/mo.)  (Computed 
internally;  see  Cost  Element  4.)/LCC  SC(4),  SC(b), 
SC(6),  SC(7)t  SC(8),  SC(9) ; EBOS  calling  procedure  for 
LCC  SC( 2) 

EAILC(I.K.NS) 

Composite  expected  number  of  removals  per  month  of  LRU 
type  1 in  terminal  type  K among  shipments  from  bases 
without  repair  facilities  to  a given  C1MF  base  NS, 
when  using  centralized  maintenance  posture.  If  base 
NS  is  a stand-alone  base,  i.e.,  a C1MF  servicing  only 
itself,  then  FAILC(I ,k,NS)=0.  If  base  NS  does  not 
have  a maintenance  facility,  then  FAILC( I , K , NS)  is  not 
defined,  (items/mo.)  (Computed  internally;  see 
general  discussion  for  centralized  maintenance 
posture. ) /LCC  SC(4),  SC(7),  SC(8),  SC(9);  EBOS  calling 
procedure  for  LCC  SC(2) 
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HMU(NHM, I) 

The  quantity  of  LRUs  of  type  I installed  In 
maintenance  bench  set  type  NHM.  If  NHM=0,  then 
HMU( NHM, I ) = 0 for  all  LRU  types  I.  (items)  ( A K ; 
configuration  of  LRUs  in  maintenance  bench  sets  is 
controllable  by  the  user  via  this  matrix. )/LCC  SC(3) 


HPF(l) 

Expected  manpower  cost  to  repair  an  LRU  of  type  1. 
l$/item)  (Computed  internally;  see  Cost  Element 
4. )/LCC  SCt4) 


Index  representing  LRU  type.  ( index ) /LCC ; EPOS 
calling  procedure;  AVAIL 

1BS(I) 

Index  corresponding  to  t lie  location  of  base  supply 
point  (both  inventory  storage  and  receipt  of  incoming 
shipments)  for  LRU  type  I.  (index)  (AF)  'EBOS  calling 
procedure;  AVAIL 

1BS(I)  = 1 if  base  supply  point  for  LRU  type  1 
is  located  at  the  line  (in  vicinity 
of  the  terminal (s)) 

= 2 if  base  supply  point  for  LRU  type  1 
is  located  at  the  repair  shop  (at  a 
distance  from  the  terminal(s)) 

ICS(NS) 

Pointer  for  base  indices  NS,  which  in  conjunction  with 
the  indicator  function  CIMF(NS)  carries  the 
information  of  the  configuration  vector  CONSOL(NS)  as 
provided  by  the  user  to  designate  the  stand-alone 
bases,  the  groupings,  and  the  CIMF  base  for  each 
grouping,  under  centralized  maintenance  posture, 
(index)  (See  discussion  of  Subroutine  CONSO. ) /CONSO; 
LCC  SC ( 4 ) , SC( 7 ) , SC(8) , SC(Q),  SC(10);  EBOS  calling 
procedure  for  LCC  SC(0);  AVAIL 


IMC 

Annual  inventory  management  cost  incurred  due  to 
introduction  of  a new  "P"-coded  item.  ($/item/yr.) 

( AF)/LCC  SC( 10) 

IMH(I) 

Average  number  of  man-hours  required  to  repair  an  LHU 
of  type  I in  place  (i.e.,  without  its  removal  from  the 
terminal),  assuming  that  such  a maintenance  action  is 
required.  |man-hrs  ./'item!  ( Contractor ) /LCC  SC(6) 

ITU. NS) 

The  number  of  terminals  of  type  K to  be  operated  at 
base  NS.  (items)  (AF;  configuration  of  terminals  on 
bases  is  controllable  by  the  user  via  this 
matrix. )/LCC  SC ( 1 ) , SC( 4 ) , SC(5),  SC(6),  SC(7),  SCI 8). 
SC(9),  SC (10);  EBOS  calling  procedure  for  LCC  SC(2) 

J 

Index  representing  SRU  type,  (index) /LCC  SC(5) 

K 

Index  representing  terminal  type.  (index) /LCC;  EBOS 
calling  procedure;  AVAIL 

KB 

Factor  to  account  for  increased  damage  due  to 
handling,  and  maintenance  damage,  at  the  base. 

(decimal  factor)  (Contractor  & AF)/LCC  SCI 4),  SC(5), 
SC(7)»  SC(8),  SC(9) ; EBOS  calling  procedure  for  LCC 
SC(  2) 

KC 


Factor  to  account  for  increased  damage  due  to 
handling,  and  maintenance  damage,  at  the  CIMF,  when 
using  centralized  maintenance  posture,  (decimal 
factor)  (Contractor  & AF)/LCC  SC(4),  SC(5),  SC(7). 
SC ( 8 ) , SC( 9 ) ; EBOS  calling  procedure  for  LCC  SC(2) 
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KD 

Factor  to  account  for  increased  damage  due  to 
handling,  and  maintenance  damage,  at  the  depot, 
(deoimal  factor)  (Contractor  A AF)/LCC  SC ( 4 ) , SC(5), 
SC(7),  SC(8),  SC(9);  EBOS  calling  procedure  for  LCC 
SC  (2) 

L 

Index  representing  the  SERD  (Support  Equipment  Review 
Document)  item  number,  for  SE  (support  equipment). 

{ index ) /LCC 

LE(K) 

Index  corresponding  to  the  environment  of  terminal 
type  K.  (index)  (Contractor  4 AF)/LCC;  EbOS  calling 
procedure;  AVAIL 

LE(K)  = 1 if  terminal  K is  Ground  Fixed 

s 2 if  terminal  K is  Ground  Transportable 

= 3 if  terminal  K is  Airborne 

LO(NS) 

Index  corresponding  to  the  location  of  base  NS. 
(index)  (AFJ/LCC  SC(4);  EBOS  calling  procedure;  AVAIL 

LG(NS)  = 1 if  base  NS  is  in  continental  U.S. 

= 2 if  base  NS  is  overseas,  Hawaii,  or 
Alaska 


M 


Index  representing  the  category  number  in  the  grouping 
of  LRU  types  into  categories  for  training  purposes, 
(index) /LCC  SC(8) 
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MCOTT(K) 


Mean  checkout  time  for  a terminal  of  type  k. 
{hrs./item}  (AF)/AVAIL 


MDT(K,NS) 


Mean  down  time  for  a given  terminal  of  type  K at  base 
NS.  See  also  the  definitions  of  MDT,  M'l'TH,  in  the 
list  of  abbreviations.  (hrs.)  (Computed  internally  by 
the  Availability  Routine .) /AVAIL 


MDTLRU( I , K , NS) 


Mean  down  time  for  a particular  terminal  of  type  K at 
base  NS,  given  a failure  of  an  LRU  of  type  I in  that 
terminal.  (hrs.)  (Computed  internally  by  the 
Availability  Routine;  see  also  Appendix  C.)/AVA1L 


MFAC(LE) 

Reliability  factor  which  converts  predicted  failure 
rates  (reciprocal  of  mean  time  between  failures')  to 
operational  failure  rates,  based  on  experience, 
expected  reliability  growth,  etc.,  as  a function  of 
environment  LE.  (decimal  factor)  (Contractor  A 
AF)/LCC  SC(i|),  SC(  5) , SC(b),  SC(7),  SC(8),  SC(d);  EBOS 
calling  procedure  for  LCC  SC(2);  AVAIL 

MMTb(NS) 

The  minimum  number  of  men  planned  for  initial  training 
to  support  AFSATCOM  at  base  NS.  (men)  (AF)/LCC  SC(8), 
SC(9) 

MMTD 


The  minimum  number  of  men  planned  for  initial  training 
to  support  AFSATCOM  at  the  depot.  (men)  (AF)/LCC 
SC( 8) , SC ( 9 ) 
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MOTBMA(I.LE) 


Predicted  mean  operating  time  between  maintenance 
actions,  over  the  life  cycle,  for  an  LRU  of  type  I 
operating  in  environment  LE.  (hrs./item) 

( Contractor )/LCC  SC(4),  SC(5),  SC(6),  SC(7),  SC 1 8 ) , 

SC{ 9);  EBOS  calling  procedure  for  L CC  SC(2);  AVAIL 

MOTBMA( J , 1) 

Predicted  mean  operating  time  between  maintenance 
actions,  over  the  life  cycle,  for  an  SRU  of  type  J 
operating  in  environment  LE=1,  Ground  Fixed, 
thrs./item)  (Contractor)/LCC  SC(5) 

MTBDT(K.NS) 

Mean  time  between  demands  for  a given  terminal  of  type 
K at  base  NS.  See  also  the  definitions  of  MTBD,  MTBF, 
in  the  list  of  abbreviations.  {hrs.}  (Computed 
internally  by  the  Availability  Routine. )/AVAIL 

MTBFT(K) 

1 

Mean  time  between  failures  for  a representative 
terminal  of  type  K.  See  also  the  definitions  of  MTBD, 

MTBF,  in  the  list  of  abbreviations.  (hrs.)  (Computed 
internally  by  the  Availability  Routine .) /AVAIL 

NAPB(L.NS) 

The  number  of  SE  items  of  SERD  item  number  L to  be 
purchased  for  base  NS.  (items)  (Computed  Internally; 
see  Cost  Element  7.)/LCC  SC(7) 

NAPD(L) 

The  number  of  SE  items  of  SERD  item  number  L to  be 
purchased  for  the  depot,  (items)  (Computed 
internally;  see  Cost  Element  7.)/LCC  SC ( 7 ) 


J 


NAPH(L) 


Thu  total  number  of  HE  itema  of  SHU)  Item  number  1.  to 
bo  purchased.  This  Is  the  sum  of  NAPLKL.NS)  for  nil 
bases  NS,  plus  NAPD(L)  for  the  depot.  ! Item:  I 
(Computed  internally;  see  Cost  Element  7.)/LCC  SCI 7) 


NC1S(  1 ) 

The  number  of  bases  where  SHlIs  are  stocked  to  support 
base-level  repair  of  LRUs  of  typo  1.  litomsl 
(Computed  internally;  see  Cost  Element  10)/L(V  SC( 10) 

NEXF 

Control  variable  for  whether  expediting  Is  to  be 
employed  by  the  Sparing  Routine.  Setting  NEXE=0 
causes  expediting  factor  EXE  to  be  calculated  ns  In 
the  dlaoussion  of  Sparing  Routine  Inputs.  Setting 
NEXE= 1 causes  EXFsl.0,  the  default  value  for  no 
expediting.  l/.ero  or  one)  (User's  control ) /EIUIS 
calling  procedure  for  AVAIL 

NIIM(NS) 

Index  represent Ing  l lie  type  of  maintenance  bench  set 
to  be  used  at  bnsio  NS.  If  no  maintenance  bench  set  is 

to  be  used  at  base  NS,  then  NHM(NS)=0  is  Input. 

Otherwise,  NHM(NS)  may  take  a value  from  one  l o six. 

The  user  speolfiea  which  of  these  six  values  designate 

that  special  AFSATCOM  support  equipment  Is  also 
purchased  for  base  NS;  for  the  remainder  (If  any), 
special  AESATCOM  support  equipment.  Is  tmt  also 
purchased  for  base  NS  when  that  type  maintenance  bench 
set  is  purchased  for  hasp  NS.  | index) /LCC  SC(  1) 

NIS(I) 


The  number  of  buses  whore  LRUs  of  type  I are  used. 
(Items)  (Computed  Internally;  see  Cost  Element  10)/I.CC 
SC( 10) 
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NLRU(l) 

Indloator  (or  flag)  variable;  NLRU(1)=1  If  LHU  of  type 
1 la  utilized  at  aorao  base  In  the  current  AFSATCOM  LCC 
Model  run  (Implying  that  this  LHU  type  Is  a new  Item 
in  Air  Foroe  inventory  as  a result  of  AFSATCOM 
acquisition),  NLHU(I)=0  otherwise.  (0  or  1 Indicator  I 
l Items!  (Computed  internally;  see  Cost  Element 
10. )/LCC  SC( 10) 

NMT(NS) 

The  number  of  men  trained  for  base  level  maintenance 
work  at  base  NS.  {men!  (Computed  internally;  see  Cost 
Element  «.)/LCC  SC(8),  SCO) 

NMTB 

The  number  of  men  trained  for  base  level  maintenance 
work.  (inen|  (Computed  Internally;  see  Cost  Element 
».)/LCC  SC(«),  SC(9) 

nmtd 

The  number  of  men  trained  for  depot  level  maintenance 
work.  Imon!  (Computed  Internally;  see  Cost  Element 
8. )/LCC  SC(H) , SCO) 

NPERB(NS) 

The  fraction  utilization  of  a (hypothetical)  one-man 
repair  shop  at  base  NS,  as  required  by  AFSATCOM.  Thus 
NPERB(NS)\1  signifies  that  at  the  base  NS  repair  shop 
AFSATCOM  requires  less  than  full-time  utilization  of 
one  man.  If  NPERB(NS)>1  then  one  man  will  not  be 
sufficient.  Ideolmal  fraction!  (Computed  internally; 
see  Cost  Element  8.)/LCC  SC(8),  SCO) 
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NPERD 


The  fraction  utilization  of  a (hypothetical)  one-man 
repair  shop  at  the  depot,  as  required  by  AFSATCOM. 
Thus  NPERD<1  signifies  that  at  the  depot  repair  shop 
AFSATCOM  requires  leas  than  full-time  utilization  of 
one  man.  If  NPERD>1  then  one  man  will  not  be 
sufficient.  (decimal  fraction)  (Computed  internally; 
see  Cost  Element  8.)/LCC  SC(8),  SC(d) 


NRT 

Fraction  of  LRUs  normally  base-repairable  which  art- 
sent  to  the  depot  due  to  the  severity  of  their  damage 
("basket  cases").  (decimal  fraction)  (AF)/LCC  SC ( 4 ) , 
SC ( 7 ) , SC( 8) , SC( 9 ) , SC(IO);  EPOS  calling  procedure 
for  LCC  SC(<?) ; AVAIL 

NRTS(I) 

Fraction  of  removals  of  l.RU  of  type  1 expected  to  be 
returned  to  the  depot  for  repair-.  (decimal  fraction) 
(Based  upon  the  results  of  an  ORL.A  Routine  HI;  see 
also  Exhibit  3-) /LCC  SCH),  SC(7),  SC(8),  SC(dl;  EPOS 
calling  procedure  for  LCC  SC(2);  AVAIL 

NRTS(J) 

Fraction  of  removals  of  SRU  of  type  J expected  to  be 
returned  to  the  depot  for  repair,  (decimal  fraction) 
(Based  upon  the  results  of  an  URLA  Routine  [3  I run  at 
the  SRU  level. )/LCC  SC(5) 

NRTSl(M) 

A normalization  of  NRTS(l)  for  category  M containing 
LRU  type  I,  to  convert  NRTS(l)  into  a zero-one 
variable,  (zero  or  one)  (Computed  internally;  see 
Cost  Element  8.) /LCC  SC(8) 

NS 

index  representing  specific  bases.  I index ) /CONSO; 
LCC;  EPOS  calling  procedure;  AVAIL 
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NTS(K) 


The  total  number  of  terminals  of  type  K to  be 
purchased.  {Items}  (Computed  internally;  see  Cost 
Element  1.)/LCC  SC( 1) 


OST(LO) 

Average  order  and  one-way  shipping  time  from  the  depot 
to  a base  at  location  LO.  {mo.}  (AF)/EBOS  calling 
procedure  for  LCC  SC(2)  and  for  AVAIL 

PA  ( I ) 

The  number  of  new  "P"-coded  assemblies  (SRUs)  which, 
as  a result  of  AESATCOM  acquisition,  would  be  added  to 
the  Air  Force  inventory  system  to  support  repair  of 
LRUs  of  type  I if  such  LRU  type  is  to  be  repaired, 
{items}  ( Contractor)/LCC  SC(10) 

PAL 

Student  pay  and  allowances  for  average  grade  trained 
during  initial  training.  { $/man/week}  (AF)/LCC  SC(8) 

PC 


Output  variable  for  Subroutine  EBOS:  Probability  of 
backordering,  i.e.,  of  needing  one  or  more  spares  for 
replacement  after  inventory  has  been  depleted  (hence, 
probability  of  at  least  one  NORS  terminal),  at  a 
random  point  in  time  or  per  month,  for  a given 
situation  of  interest  (LRUs  of  type  I,  at  base  NS  or 
at  the  depot).  {decimal  fraction  or  decimal 
fraction/mo.}  (Computed  internally;  see  discussions  of 
Sparing  Routine  steady-state  probabilities  and  Sparing 
Routine  outputs,  including  Exhibit  H.)/EBOS 
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PCB( l, NS) 

probability  of  backordering,  i.e.,  of  needing  one  or 
more  spares  for  replacement  after  inventory  has  been 
depleted,  at  a random  point  in  time,  for  LRU  type  1 at 
base  NS.  (decimal  fraction)  (Computed  by  Sparing 
Routine  as  PC  for  the  following  situation  of  interest  : 
LRUs  of  type  I,  at  base  NS.)/AVAIL  via  EBOS 

PCC(I ,NS) 

Probability  of  backordering,  i.e.,  of  needing  one  or 
more  spares  for  replacement  after  inventory  has  been 
depleted,  at  a random  point  in  time,  for  l.RU  type  1, 
at  the  CIMF  which  services  base  NS;  defined  only  for 
centralized  maintenance  posture,  and  for  bases  which 
do  not  have  their  own  repair  facility.  (decimal 
fraction)  (Computed  internally  by  the  Availability 
Routine.  )/AVA.IL,  via  EBOS 

PCD(I) 

Probability  of  backordering,  i.e.,  of  needing  one  or 
more  spares  for  replacement  after  inventory  has  been 
depleted,  at  a random  point  in  time,  for  LRU  type  1, 
at  ttie  depot,  (decimal  fraction)  (Computed  by  Sparing 
Routine  as  PC  for  the  following  situation  of  interest: 
LRUs  of  type  1,  at  the  depot .) /AVAIL  via  EBOS 

P1UP 

Operational  service  life  of  the  system  (Program 
Inventory  Usage  Period).  (yrs.)  (AF)/LCC  SC(3), 

SC( 4 ) , SC(b),  SC(6),  SC( 7 ) , SC(9),  SC( 10) , SC(11) 

PS(LO) 

Packing  and  shipping  costs  as  a function  of  base 
location  Lu.  ( $ / 1 b . 1 (AF)/LCC  SC(H) 

PWHll.0) 


Ratio  of  packaged  weight  to  unpackaged  weight  of  LRUs, 
SRUs , which  fail  at  base  location  LO.  (decimal 
factor)  (AF)/LCC  SC(<t) 
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QLBI(I.NS) 

The  quantity  of  LRUs  of  type  I which  are  installed  in 
all  of  the  terminals  at  base  NS.  {items}  (Computed 
internally;  see  Appendix  B.)/LCC 

QLRUI(I) 

The  quantity  of  LRUs  of  type  I which  are  installed  in 

all  of  the  terminals  at  all  of  the  bases.  {items} 

(Computed  internally;  see  Appendix  B.)/LCC 

QLRU2( I ) 

The  quantity  of  LRUs  of  type  I which  are  acquired  for 
initial  sparing  at  all  sites  (bases  plus  depot), 
{items}  (Computed  internally;  see  Appendix  B.)/LCC 

QLRU3CI) 

The  quantity  of  LRUs  of  type  I which  are  installed  in 

all  of  the  maintenance  bench  sets  at  all  of  the  bases 

which  have  maintenance  bench  sets.  {items}  (Computed 
internally;  see  Appendix  B.)/LCC 

QPA(I.K) 

The  quantity  of  LRUs  of  type  I installed  in  a terminal 
of  type  K.  {items/item}  (AF;  configuration  of  LRUs  in 
terminals  is  controllable  by  the  user  via  this 
matrix. )/LCC  SC(1),  SCO),  SC(5),  SC(6),  SC(7),  SC(8), 
SC(9),  SC( 10);  EBOS  calling  procedure  for  LCC  SC(2); 
AVAIL 

QS 


Output  variable  for  Subroutine  EBOS:  Quantity  of 
spares  to  be  acquired  for  inventory,  for  a given 
situation  of  interest  (LRUs  of  type  I,  at  base  NS  or 
at  the  depot),  {items}  (Computed  internally;  see 
discussion  of  Sparing  Routine  outputs,  including 
Exhibit  lJ.)/EB0S 
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RIP(I) 


Probability  of  "in-place"  maintenance,  given  that  an 
LRU  of  type  I undergoes  some  maintenance  action.  Thus 
( l-RIP(I))  is  the  fraction  of  maintenance  actions  on 
LRUs  of  type  I that  require  removal  of  the  LRU. 
{decimal  fraction)  ( Contractor ) /LCC  SC(4),  SC(5), 
SC(6),  SC(7),  SC(8),  SC(9);  EBOS  calling  procedure  for 
LCC  SC(2) 

RM(  I ) 

Average  repair  materials  cost  per  failure  of  an  LRU  of 
type  I,  when  this  LRU  type  does  not  further  subdivide 
into  SRUs . ($/item)  ( Contractor) /LCC  SC( 5) 

RMH(I) 

Average  number  of  man-hours  required  to  remove  and 
replace  an  LRU  of  type  I.  {man-hrs ./item) 

(Contractor) /LCC  SC(6),  SC(8),  SC(9);  AVAIL 

RT(I) 

Average  number  of  man-hours  required  to  repair  an  LRU 
of  type  I at  base  or  depot,  including  time  to 
diagnose,  attempt  to  repair,  {man-hrs. /item) 
(Contractor) /LCC  SC(4),  SC(7),  SC(8),  SC(9);  EBOS 
calling  procedure;  AVAIL 

RTF( I , NS) 

Expected  round  trip  packing  and  shipping  cost  for  an 
LRU  of  type  I dispatched  from  base  NS,  given  that  the 
LRU  has  been  removed  for  repairs.  {$/item)  (Computed 
internally;  see  Cost  Element  4.)/LCC  SC(4) 

RTFC(I.NS) 

Expected  round  trip  packing  and  shipping  cost  for  an 
LRU  of  type  I sent  to  CIMF  base  NS  for  repairs,  when 
using  centralized  maintenance  posture.  {$/item} 
(Computed  internally;  see  Cost  Element  4.) /LCC  SC(4) 


RTS(l) 


Fraction  of  removals  of  LHU  of  type  I expected  to  be 
repaired  at  the  base,  {decimal  fraction}  (Based  upon 
the  results  of  an  ORLA  Routine  [3];  see  also  Exhibit 
3.)/  LCC  SC(4),  SC(7),  SC(8),  SC(9),  SC(10);  EBOS 
calling  procedure  for  LCC  SC(2);  AVAIL 


RTS(J) 

Fraction  of  removals  of  SRU  of  type  J expected  to  be 
repaired  at  the  base.  {decimal  fraction)  (Based  upon 
the  results  of  an  ORLA  Routine  [3]  run  at  the  SRU 
level. )/LCC  SC(5) 

RTS  1 ( M) 

A normalization  of  RTS(I)  for  category  M containing 
LRU  type  I,  to  convert  RTS(I)  into  a zero-one 
variable.  {zero  or  one}  (Computed  internally;  see 
Cost  Element  8.) /LCC  SC(8) 

SA 

Annual  supply  inventory  management  cost  per  base. 

{ $/item/yr . } (AF)/LCC  SC(10) 

SB( I , NS) 

The  number  of  spares  of  LRU  type  I to  be  acquired  for 
inventory  at  base  NS.  {items}  (Computed  by  Sparing 
Routine  as  QS  for  the  following  situation  of  interest: 
LRUs  of  type  I,  at  base  NS.)/LCC  SC(2)  via  EBOS 

SC(N) 


Designator  for  Cost  Element  N,  where  N is  some  integer 
from  1 to  11.  These  are  the  basic  subcosts  of  the 
AFSATCOM  LCC  Model,  and  are  computed  over  the 
operational  service  life  of  the  system.  {$}  (Computed 
by  LCC  Routine .) /LCC 
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SD(I) 


The  number  of  spares  of  LRU  type  I to  be  acquired  for 
inventory  at  the  depot,  {items}  (Computed  by  Sparing 
Routine  as  QS  for  the  following  situation  of  interest: 
LRUs  of  type  I,  at  base  NS.)/LCC  SC(2)  via  EBOS 


SMH(I) 

Average  number  of  man-hours  required  to  perform 
scheduled  maintenance  (including  preventive 
maintenance,  preflight,  postflight,  periodic 
inspections  of  the  subsystems,  and  any  remove  and 
replace  time)  on  an  LRU  of  type  I.  {man-hrs ./item} 
(Contractor)/LCC  SC(6) 

SMI(I) 

Average  scheduled  maintenance  interval  for  an  LRU  of 
type  I.  {mos./item}  ( Contractor )/LCC  SC(6) 

TCMB 

Average  per-man  cost  of  a base  level  maintenance 
course,  including  instruction  and  training  materials. 
{$/man}  (AF)/LCC  SC(9) 

TCMD 

Average  per-man  cost  of  a depot  level  maintenance 
course,  including  instruction  and  training  materials. 
{$/man}  (AF)/LCC  SC(9) 

TCMW 

Average  cost  of  initial  contractor-provided  training 
for  base  and  depot  maintenance  personnel,  including 
instruction  and  training  materials.  {$/man/week} 
(Contractor  & AF)/LCC  SC(8) 

TDAP(L) 


The  number  of  technical  data  pages  (or  page  negatives) 
required  to  support  SE  item  (items)  of  SERD  item 
number  L.  {pages}  ( Contractor) /LCC  SC( 11) 
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TDLP(I) 

The  number  of  technical  data  pages  (or  page  negatives) 
required  to  support  an  LRU  of  type  I.  Ipages) 
(Contractor)/LCC  SC (11) 

TDP 

Technical  document  reproduction  cost,  (per  thousand 
copies).  ($/page)  ( AF)/LCC  SC( 1 1 ) 

TDSP 

The  number  of  technical  data  pages  (or  page  negatives) 
required  to  support  the  AFSATCOM  system  as  a whole, 
(pages)  ( Contractor )/LCC  SC (11) 

TDTP(K) 

The  number  of  technical  data  pages  (or  page  negatives) 
required  to  support  a terminal  of  type  K.  (pages) 
(Contractor)/LCC  SC (11) 

TDU 

Technical  document  annual  upkeep  cost.  ($/page/yr) 

( AF)/LCC  SC( 11) 

TE 

Cost  of  required  training  equipment.  ($)  (Contractor 
& AF)/LCC  SC ( 8 ) 

TOPI 

Cost  of  initial  training  of  organizational-level 
maintenance  and  operator/specialist  personnel.  ($) 

( AF)/LCC  SC(8) 

TOPR 

Annual  cost  of  replenishment  training  of 
organizational-level  maintenance  and 
operator/speoialist  personnel.  ($/yr.)  (AF)/LCC 
SC(9) 
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TRANB(IBS) 


Transportation  time  associated  with  on-base  delivery 
of  a replacement  LRU  from  base  supply  location  IBS  to 
the  line,  {hrs.}  (AF)/EBOS  calling  procedure;  AVAIL 


TRANC 


TRAND(LO) 


TRANS(I.NS) 


TRB(NS) 


TRD 


TW(M) 


Transportation  time  associated  with  shipment  of  a 
replacement  LRU  from  a CIMF  to  a base  serviced  by  that 
CIMF,  via  an  expedited  priority,  when  using 
centralized  maintenance  posture,  {hrs.}  (AF)/EBOS 
calling  procedure;  AVAIL 


Transportation  time  associated  with  shipment  of  a 
replacement  LRU  from  the  depot  to  a base  with  base 
location  LO,  via  an  expedited  priority,  {hrs.} 

( AFJ/EBOS  calling  procedure;  AVAIL 


Mean  replacement  time  for  acquiring  an  LRU  of  type  I 
at  base  NS,  given  that  base  inventory  of  that  LRU  type 
is  depleted.  {hrs.}  (Computed  internally  by  the 
Availability  Routine;  see  also  Appendix  C.)/AVAIL 


The  additional  fraction  of  men  at  base  NS  which  must 
be  trained  annually  to  fill  maintenance  personnel 
vacancies,  {decimal  fraction/yr.}  (AF)/LCC  SC(9) 


The  additional  fraction  of  men  at  the  depot  which  must 
be  trained  annually  to  fill  maintenance  personnel 
vacancies,  {decimal  fraction/yr.}  (AF)/LCC  SC(9) 


Average  time  required  to  train  a man  to  repair  any  LRU 
type  in  category  M.  {weeks}  (Contractor )/LCC  SC(8) 


I 
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U(X) 

Unit  step  function  for  strictly  positive  X.  (zero  or 
one) /LCC 

U(X)  =1  if  X > 0 
= 0 if  X < 0 

UC(I) 

The  validated  unit  cost  for  an  LHU  of  type  1,  that  Is, 
the  price  exhibited  for  the  initial  provisioning  of 
the  item.  ($/item)  (Contractor  4 AF)/LCC  SC(1), 

SC(2),  SC(3),  SC( 5) 

VIOR 

Fraction  of  failures,  of  normally  repairable  LRUs, 
which  can  no  longer  be  repaired  (wearout  fraction), 
(decimal  fraction)  IAF)/LCC  SC(4),  SC(5),  SC(7), 

SC(8),  SC(9),  SC (10);  EBOS  calling  procedure  for 
SC(2) ; AVAIL 

WT(I) 

Net  weight  of  an  LRU  of  type  I.  (lbs. /item) 

( Contractor) /LCC  SC(4) 

XF(  I , K ) 

Expected  number  of  removals  per  month  of  LRU  type  I in 
terminal  type  K.  (items/mo.)  (Computed  internally; 
see  Cost  Element  4.)/LCC  SC(4),  SC(5),  SC(b) 

XFB(I,NS) 


Expected  number  of  removals  per  month  of  LRU  type  I at 
base  NS.  (items/mo.)  (Computed  internally;  see  Cost 
Element  4.)/LCC  SC(4);  EBOS  calling  procedure  for  LCC 
SC( 2)  and  for  AVAIL 
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Composite  expected  number  of  removals  per  month  of  LKU 
type  I among  shipments  from  bases  without  repair 
facilities  to  a given  CIMF  base  NS,  when  using 
centralized  maintenance  posture,  {items/mo. t 
l Computed  Internally;  see  Cost  Element  h . ) / L.CC  SC(H); 
EBOS  calling  procedure  for  LCC  SC(2)  and  for  AVAIL 

XFL(l) 

Total  expected  number  of  removals  (failures)  of  LRU 
type  I,  in  all  terminals  at  all  bases,  over  the  life 
cycle,  (items)  (Computed  internally;  see  Cost  Element 
4.J/LCC  output  only 
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